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Ducitility 


Mr. H. W. Gillett has written a very striking 
leading article in the September issue of ‘‘ Metals 
and Alloys’? in which he queries the utility of 


the constant striving after ductility. He ob- 
viously appreciates its significance w’ >re alloys 


have to be fabricated by forging, co.u drawing 
or rolling, but scouts the idea that it is an 
essential property for the final application of a 


component. Percentage elongation according to 
Mr. Gillett is really used ‘only as a sort of 


signpost, to give hints as to energy absorption, 
the area under the stress-strain diagram, or to 
assure similarity to materials that have done 
well in service, irrespective of whether the ser- 
vice involves deformation.’’ Notch propagation 
is often more important but there is little justi- 
fication in associating a high elongation per- 
centage in a test-piece with the ultimate per- 
formance of an engineering component in notch 
effect inhibition. Doubtlessly, the German forged 
marine crankshaft which broke, and which was 
replaced by the Commonwealth Steel Company 
with an eminently satisfactory steel casting, 
showed quite good ductility originally, yet the 
notch propagation property inherent in it 
brought about its ultimate failure. 


Two quotations from Mr. Gillett’s leader are 
particularly interesting for foundrymen, the first 
referring to steel castings and the second to 
malleable cast iron: ‘‘ The steel foundrymen 
struggle to get the 22 or 23 per cent. elongation 
demanded by the specification. The more ductile 
casting is doubtless no worse than one of only 
18 to 20 per cent., but in what service will this 
difference govern success or failure? What's 
sacred about 22 per cent.?’’ This prompted the 
recollection that we posed the same question to 
a prominent steelfoundry owner, and with it we 


coupled the suggestion that he should rely more 
upon the shock test for the better evaluation 
of his castings. Actually this has been done and 
by its use a better appreciation of the material 
used has been gained. 


The second quotation reads :—‘‘ Regular malle- 
able iron castings have been shoved up from 
under 10 per cent. elongation to around 20 per 
cent., largely at the insistence of the producers 
rather than the consumers of malleable. In the 
process of shoving up the ductility, a tacit con- 
demnation of material with five to ten per cent. 
elongation has been built up, which militates 
against the acceptance of the very much stronger 
short-cycle, pearlitic malleable which, on the basis 
of a summation of all its properties, seems to 
be a better engineering material than regular 
malleable.’’ This statement, to the correctness 
oi which we do not as yet subscribe, is one of 
the most important ever placed before foundry 
metallurgists, and comment is invited from our 
readers. It is, germane to state that 
hoth in America and in this country much interest 
is being shown by engineers as to the minimum 
ductility which is actually needed in 
applications. Whether by logical 
deduction or desire to emulate established suc- 
cesses we know not, but it is a fact that many 
new applications are being found for high-duty 
—often alloyed—iron castings, which are replac- 
ing steel forgings, quite apart from such well- 
known cases as cast crankshafts and the like. In 
these applications, the quest for ductility has 
largely gone by the board. From a study of Mr. 
Gillett’s remarks, it appears to us that for years 
the foundry industry has been suffering from a 
too rigid adherence to conventional tests which 
favoured and. still favour wrought material. 
There is a plea that tests should conform better 
than hitherto to service conditions. We are sure 
that past generations of metallurgists would turn 
in their graves at the very thought of cast metals 
being used under conditions of alternating stress, 
yet this is not beyond the realms of present-day 
realisation. 


however, 


desirable 
engineering 


We would do an injustice to Mr. Gillett if we 
failed to quote from his final paragraph, written 
as an answer to the rhetorical question: ‘* What 
tests will truly evaluate the properties really 
needed for per formance?’ ‘ The answer to this 
may be various. Repeated bend tests; impact 
tests with a range of specimen sizes, and over a 

range of temperatures; notched fatigue tests or 
what not might be considered as possible ways of 
demonstrating the presence of a ‘ protective plas- 
ticity ’ of the proper type and amount. Unfor- 
tunately, most such determinations involve con- 
siderable work and hence are handicapped in 
competition with the lazy man’s way—evaluating 
the material on the basis of percentage elonga- 
tion and trusting to God that the figure means 
something in the particular service to be en- 
countered.”’ 


From the above viewpoint it would seem that 
the symposia which have been held on impact 
testing should have been preceded by one on 
ductility as a method of clearing the way and 
providing added objectivity to the proceedings. 
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Prevention of Glare from 
Cupolas 


It was pointed out by the British Cast bron 
Research Association in Special Publication 
No. 4,* ‘* A.R.P. for Cupola Furnaces,’’ that it 
is not possible to make general recommendations 
for anti-glare equipment, suitable for all types 
of cupolas, as height, design and type of charges 
have a considerable influence on the amount 
of flame and sparks produced at the top of the 
stack. In furnaces working with a heavy coke 
consumption, flames may be present at the charg- 
ing hole throughout the melt, and in some 
cupolas much more heat is developed during the 
blowing-down period than in others. In cases 
where a Jarge amount of flame is produced and 
the chimney stack is short, it has been found 
difficult to prevent the cowl or screening above 
the cupola from becoming red hot, especially at 
the end of the melt. This shortens the life of 
the structure, apart from creating glare. Where 
flames are present throughout the melt, even 
though these may be hidden by the cowl, sparks 
may escape in considerable quantities each time 
a charge is put on. From the point of view of 
glare, these sparks are, of course, highly un- 
desirable, and it is known that the authorities 
regard sparks in any considerable quantity as 
glare. 


A Special Cowl 

Ordinary screening alone (as described in the 
Special Publication No. 4) is not entirely satis- 
factory in preventing glare from such furnaces, 
and where these difficulties are present they 
may be best overcome by other means. A design 
of cowl has been developed and tested by the 
Stanton Ironworks Company, Limited. The de- 
sign has heen protected, but the company is 
willing to make it available to the industry. 
It has been found to be completely successful, 
both in preventing the cowl from becoming over- 
heated and in stopping glare and sparks at all 
stages of the melt. It has been seen in action 
by Home Office and B.C.1.R.A. representatives. 
Through the courtesy of Mr. P. H. Wilson 
of the Stanton Ironworks Company, Chairman 
of the Association’s A.R.P. Committee, the Asso- 
ciation is able to supply particulars of the 
design to any interested firm. The only charge 
In connection with the use of the design will 
be a nominal fee of one guinea to members 
(five guineas to non-members) to cover expenses 
in preparing prints, etc. Any foundry desiring 
details of this equipment should communicate 
with the Director of the British Cast Tron Re- 
search Association, supplying a print or sketch 
of that part of the furnace from the charging 
hole to the top of the stack. Firms will be able 
to manufacture the equipment for themselves 
or purchase it from an approved manufacturer. 
Tt is emphasised that this equipment is 
specially suitable for cupolas in which the stack 
is relatively short, or where other conditions 
cause large quantities of flame to be present 
in the stack during the melt. 


Tt is also recom- 
mended in cases where 


excessive amounts of 


flame or sparks are produced during the 
blowing-down period. There is little doubt 
that any cupola fitted with this device 
will meet the requirements of the Civil 


Defence Act, and hence will receive the approval 
of the Home Office through the Association on 
the lines indicated in Special Publication No. 4. 
At the same time, it must be repeated that con- 
ditions vary so widely between different cupolas 
that each furnace, when fitted with any anti- 
glare device, will have to be tested after dark 
in order to ascertain whether, under the con- 
ditions obtaining, the equipment is satisfactory. 


* Supplied by the B.C.L.R.A., 21-23, St. Paul's Square, Birme 
ingham. Price 2s. 
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Emergency Shutting-down of Cupolas 

In the same publication advice was given re- 
garding the procedure to be adopted should it 
be found necessary to shut down a cupola con- 
taining unmelted charges. It was stated that, 
as metal is likely to continue to melt for some 
time after the blast is shut off, there is some 
danger that metal will solidify in the tap hole 
and so cause difficulty when the cupola is re- 
started. A method of overcoming trouble from 
this source has been put forward by Mr. P. D. 
Pincott, of J. & E. Hall, Limited, who has 
successfully used it when shutting down a full 
cupola for a two-hour period at mid-day, and 
details are set out in a supplement. 








A WORD OF ENCOURAGEMENT 


As an indication of the good will of the 
President of the Board of Trade towards 
the technical and trade press, and of his 
recognition of the efforts that are being made 
to maintain an efficient service of information 
and news during the war, the RT. HON. 
OLIVER STANLEY, M.P., has sent to our 
associated journal ‘* The Iron and Coal Trades 
Review” the following appreciative message. 


Board of Trade, 
Great George Street, 

Westminster. 
October 5, 1939. 
The issue of ‘‘The Iron and Coal 
Trades Review ’’ dated September 15th 
is an example of the spirit which ani- 
mates British Industry. I think that its 
production in the face of the present diffi- 
culties does credit to all concerned, and 
I welcome it as a means of proclaiming 
to the world that British firms are re- 
solved to meet the unprecedented de- 

mands created by the war. 


OLIVER STANLEY. 




















Publication Received 
Gravity Die Castings in Aluminium Alloys. 


Published by the Northern Aluminium Com- 
pany, Limited, Bush House, Aldwych, 
London, W.C.2. 


This brochure contains 28 pages of matter of 
outstanding interest to non-ferrous founders. 
Primarily, the gravity die casting process is re- 
viewed in some detail, and this is followed by 
well-balanced argument as to where the adoption 
of the process is practical and profitable. A 
two-page table is given of the minimum mechani- 
cal properties obtainable from the best-known 
specifications when sand- and chill-cast. The 
best part of the brochure is undoubtedly that 
devoted to the design of parts to be produced 
as gravity castings. It is well illustrated with 
clear drawings and_ well-written instructions. 
This brochure is available to our readers on 
writing to Bush House. We counsel that this 
action be taken. 








Foundry Query 





An American subscriber writes: ‘ We have 
been making cores for cast-figured jobs where 
great accuracy is required as to exact tolerance 
in sizes and very sharp figure. These are made 
of fine sand with various binders and oil, and 
made on a core machine to guarantee that there 
will be no variation. We now hear that there 
are preparatious which other people are using to 
make these cores, involving materials other than 
sand. Can you give us any information on this 
item? ”’ , , 
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The Importance of Scrap 
By “ ONLOOKER” 


It was perhaps inevitable that a decision re- 
garding the price control of non-ferrous scrap 
metals should be deferred for a time after the 
outbreak of war. The problem is in many ways 
a much more difficult one than that of the virgin 
metals, the prices of which were fixed as soon 
as hostilities began. Nevertheless, it is essential 
that an end should be put to the state of un- 
certainty at present existing, although at the 
time of writing it is reported that the authorities 
have the matter well in hand and that an an- 
nouncement may be expected shortly. In the 
meanwhile, it is inevitable that values should 
have advanced during the period of uncertainty, 
especially as it has been necessary to obtain a 
licence for the purchase of virgin metals and 
there are of course occasions when scrap can he 
used in their place. 

The volume of business passing in old metals 
since war broke out has not been large, for 
there has been a regrettable tendency on the 
part of holders to refuse to part with their 
stock, probably because they hoped through a 
war-time rise in values to secure a larger profit. 
It remains to be seen how far right they are 
in their assumption that prices will appreciate, 
but if the quotations which are being main- 
tained for virgin metals are any guide, the Con- 
trol will not fix the prices for scrap at anything 
other than a reasonable level. 


High Prices Demanded 

Actually old copper has changed hands above 
the control price for electrolytic wirebars and it 
has been reported that as high as £54 has been 
paid. This is an absurd level, for there cannot 
be any justification for paying more than virgin 
metal price since, however good the quality of 
the scrap on offer, it is after all secondary 
material, an excessive price for which could only 
be justified if there were a famine of the virgin 
metal. In the same way brass scrap has changed 
hands at prices which, if not over the mixing 
value of new metals, have been not so very far 
below it. 

Not unnaturally buyers have shown reluctance 
to meet these demands and in consequence busi- 
ness has been very much slowed down, so that 
scrap instead of passing into consumption as 
usual and fulfilling a useful purpose has been 
accumulating. This is certainly not as it should 
be and obviously such a state of affairs cannot 
be allowed to continue, for in the reservoir of 
scrap we possess a valuable additional source 
of supply. 

If the Ministry of Supply is satisfied merely 
to fix prices and leave the trade to function as 
usual there is always a risk that some people 
will decide to hold metal rather than cash, es- 
pecially if there were any likelihood of a depre- 
ciation in the £, but probably the chance of 
serious hoarding is not great and a scheme once 
launched on the lines of maximum values should 
function quite well. 

Estimates of the amount of scrap likely to be 
available are not easily made; it should be con- 
siderable, for the export trade formerly put 
through with the Continent is suspended on 
account of the embargo on exports, and with 
increased activity in the manufacture of muni- 
tions we must expect an increase in the amount 
of scrap. Later on, no doubt, there will be 
“« hattlefield ’’ scrap coming back, but this will 
not be to hand in the early stages of the war 
and we shall have to rely on the normal flow of 
material from those sources usually drawn upon 
by foundries accustomed to melting old metals. 
It is essential that the existing machinery through 
which scrap metals are distributed should be 
maintained, and to this end encouragement 
should be given to dealers and merchants through 


whose hands much of this class of business 


normally passes. 
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Foundry Coke and the Cupola’ 


By B. P. MULCAHY+ 


Although the melting of iron constitutes the 
most important phase of cupola operation, there 
are secondary reactions which govern and in- 
fluence the process to such an extent that, if 
neglected, they might readily be responsible for 
the fina] economic success or failure. The 
attempt to study the basic chemical reactions 
surrounding the melting of iron in the cupola 
began, of course, with the process itself, for it 
is a natural desire and interest, once a process 
is established, to consider ways and means of 
not only improving the method and the product 
but to accompany this improvement with a re- 
duction in operating costs. 

The turn of the century witnessed a growing 
interest in stronger and more diversified cupola 
irons, in the use of other metals for alloying 
purposes and in the general improvement in the 
knowledge of sands and their influence on the 
castings and the mechanical equipment of the 
plant itself to help to speed up production and 
reduce the existing uncertainties. With all of 
these improvements, however, the cupola still re- 
mains the source and the responsible factor in 
many cases for good or poor iron. 

The cupola is structurally a comparatively 
simple instrument but unfortunately this sim- 
plicity does not extend to the reactions involved 
in transforming the raw materials into an iron 
of desired chemical and physical properties. The 
physica] aspects of the process consist, of course, 
in charging the coke and raw iron into the 
cupola, for as long as it is desired to melt, but 
once the coke is ignited and the melting process 
is under way, the chief concern must be with the 
chemical reactions taking place not only in the 
combustion of the fuel but also in the effect of 
these reactions upon the iron composition. 


General Consideration 

The first reactions are those of the combustion 

of the coke by means of the oxygen in the air :— 
(1) C + O, = CO, + 14,550 B.T.U. 
(2) C + O = CO + 4,350 B.T.U. 

These reactions simply show that for each 
pound of pure carbon burned completely to car- 
bon dioxide, 14,550 B.T.U. will be released, and 
for each pound of pure carbon burned to carbon 
monoxide 4,350 B.T.U. will be released. 

The first reaction is favoured by an excess of 
oxygen which exists in the blast at or near the 
tuyere entry. As the blast penetrates the bed 
of incandescent coke, this oxygen content de- 
creases until finally, after sufficient contact with 
the coke, it is completely consumed. As the 
oxygen content decreases, reaction No. 2 is 
favoured and the tendency to form carbon mon- 
oxide increases. These reactions result in a con- 
stantly changing gaseous composition, the import 
of which will be discussed later. In addition 
to the reactions shown, which are both exothermic 
or heat-releasing, there is a secondary reaction 
f the carbon dioxide with the coke :— 

CoO, + C - 2CO — 5,850 B.T.U. 

which states that a pound of pure carbon re- 
icting completely with carbon dioxide to form 
carbon monoxide will absorb 5,850 B.T.U. This 
reaction is supplementary to the original com- 
bustion reactions and will, of course, affect the 
ultimate CO, and CO concentrations. AJl three 
of the reactions shown can and do take place 
vithin the cupola: the first two in accordance 
with the concentration of O,, the velocity of 
flow, temperatures, and the degree of reactivity 
of the coke itself, while the latter reaction, of 
course, can only follow after formation of the 
carbon dioxide. 

Before discussing the influence of these re- 


; * A Paper presented to the Chicago Chapter of the American 
Foundrymen’s Association. 


+ Research Engineer,’Citizens Gas and Coke Utility, Indiana- 
polis, Indiana, ‘ 





actions, the operating characteristics imposed by 
the cupola itself will be dealt with, for they in 
turn have a distinct bearing upon the net result. 

The remarks pertaining to the cupola refer 
only to the fundamental characteristics of any 
cupola which have been reduced to the simplest 
possible form for the purpose of illustration. 
The interpretation of these remarks will, of 
course, need modification if applied to a hot- 
blast system, two or three rows of tuyeres, 
balanced blast, etc., but fundamentally there 
apply to the interpretation of their influence 
on the basic melting process. 

The common practice is to build a coke bed 
of sufficient height to maintain the desired con- 
dition above the tuyeres, followed by alternate 
charges of iron and coke together with the flux 
to slag off the impurities properly. This bed 
ranges in practice from 20 to 60 in. above the 
tuyeres, depending upon the individual require- 
ments. The air to support combustion is intro- 
duced through tuyeres placed at a predetermined 
height above the bottom. The interpretation 
of this point is important, for by introducing 
the air into the cupola from the side, there is 
created a condition of inequality in the distri- 
bution of this air, which in turn creates the 
well-known conditions of the bed. The bed 
offers a degree of resistance depending upon the 
size of the coke, the size of the cupola, the shape 
and character of the tuyeres and the amount and 
pressure of the air introduced. These factors 
then influence to a large extent the character 
and position of the zone of maximum tempera- 
ture. 

After the air leaves the tuyeres, the initial 
velocity and the character begin to change, and 
the influence of the bed and burden is imposed. 
It is realised that the line of least resistance to 
flow is along the cupola wall. The distribution 
of gaseous pressure will, of course, largely deter- 
mine the direction of flow and while some gas is 
being passed upward in each section of the 
cupola, the velocities and rates are not evenly 
distributed across the cupola area, resulting in 
the zone of maximum temperature forming the 
shape of an inverted cone. 

The gases leaving this zone of maximum tem- 
perature come in contact with the first iron 
charge on tep of the coke bed and these gases 
largely are responsible for melting the iron—not 
the coke in contact with the iron. The gases 
continue upward through the remaining coke 
and iron charges, giving up their heat in the 
form of pre-heat to the stock, until they pass 
beyond the top of the latest charge. Any heat 
remaining in the gases at this time and expended 
into the atmosphere is, of course, a loss. 

Above the zone of direct melting there is the 
zone of pre-heat in which it is hoped to absorb 
® Maximum quantity of the sensible heat of the 
gases, and the influence of the size of the 
individual pieces of the stock must he considered. 
It can be stated in this connection that the 
amount of heat absorbed by the iron in the pre- 
heat zone is a direct function of the surface of 
the iron per unit weight. In other words, a 
100-Ib. solid piece of iron will absorb considerab!y 
less heat per unit of time than will ten pieces 
of 10 Ibs. each. Tt is evident that the actual 
heat content of the iron at the time it reaches 
the melting zone will influence its rate of con- 
version from the solid to the liquid state, and 
if the pieces are exceptionally large they will be 
melting over a period of two or three charges, 
or they may even he carried into a zone rich 
in oxygen where oxidation can take place. 
INFLUENCE OF CONTACTS AND CHANGE 

OF STATE 

Each change of state or condition of the 

materials influences the ultimate composition of 
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the iron. In this connection it is profitable to 
consider these conditions individually and 
visualise the effects produced. 

Zone of Pre-Heat 

By this zone is meant the area in which the 
iron is gradually being heated by the ascending 
gases, but is still in the solid state. Here there 
is a condition of solid iron in contact with soli:| 
carbon at different degrees of temperature. In 
addition, of course, the iron and coke are also 
in contact with the gases themselves consisting 
of varying percentages of CO,, CO and N,, assum- 
ing the complete consumption of O,. This zone, 
as a whole, can be regarded as the zone of least 
chemical reaction, but the section of this zone 
immediately above the zone of melting is where 
the maximum influence of the gases in contact 
with the solid iron and possible carburisation 
can be expected, for at this point both iron and 
coke are at incandescent temperatures. In this 
section also the reaction CO, + C -—» 2CO —- 
5,850 B.T.U. is likely to take place at the maxi- 
mum rate and then decreases as the gases ascend 
the stack. 

Melting Zone 

By this term is meant the section in which the 
iron is changing from the solid to the liquid 
state, and it must be realised that the extent 
and shape of this zone are largely influenced by 
the direction of flow of the hot gases originating 
in the coke bed. This means that the melting 
of the iron can proceed simultaneously in two or 
three iron charges, but not necessarily uniformly 
through each charge. 

In this zone it must be considered that the 
iron exists in two states, solid and liquid, both 
in contact with incandescent coke, and also both 
exposed to the influences of the gases. This is 
a critical transition point, for the different irons 
constituting the charges have not had the oppor- 
tunity of mixing and the gases react individually 
with the separate irons. 

The conditions existing in this zone contrast 
sharply with the conditions existing in the pre 
heat zone, where the solid iron is in-contact with 
solid coke and exposed to gases decreasing in 
temperature and degree of reactivity as they 
proceed upward. In the melting zone the iron 
is both molten and solid in contact with soli 
incandescent coke and exposed to gases of maxi- 
mum temperature, and at this point there 1s 
the initial influence of the gases in contact with 
liquid iron. 

Zone of Superheat or Coke Bed 

In this zone only liquid iron in contact with 
solid coke will be considered, as this is defined 
hy good melting practice. It is here that exists 
the region of maximum temperature by virtue of 
the combustion reactions reaching their peak of 
temperature influence. The iron above the hed 
has been made liquid by the absorption of heat 
from the gases originating in the bed, and it 
begins to trickle down through the bed of incan- 
descent coke, passing through the section of 
maximum temperature, finally lodging in the 
basin of the cupola, to be withdrawn as desired. 
From the top of the coke bed to the tuyere level 
the gases are constantly changing in composition 
in the order of decreasing concentration of CO, 
and CO and inereasing concentration of O,. The 
iron reaches its maximum temperature and 
fluidity at or near the zone of highest O, con- 
centration, that is, at the tuyere level. 

In this zone the maximum influence of the 
gases with respect to the content of silicon, man- 
ganese and carbon and the iron itself makes its 
appearance. 

Considering for the moment the bed from the 
tuyere level upward, as was mentioned pre- 
viously the initial velocity of the air at the 
tuyere throat is a function of the wind equip- 
ment used and the character of the twyeres. 
Since the air is introduced from the side through 
a series of openings, the original direction is in 
towards the centre of the coke bed. Upon reach- 
ing this point, its future direction of travel is 
influenced by the gaseous pressure conditions above 
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this point. For normal conditions the line of 
least resistance for the gaseous flow is towards 
the side of the cupola so that the gases turn 
backward and upward to create the inverted cone 
shaped area of maximum temperature. The zone 
of maximum temperature is produced by the 
completion of the reaction C + O, = CO, 
+ 14,550, taking place in a localised zone. 

As soon as the air is introduced the O, con- 
centration decreases until it has been expended 
to produce either CO, or CO, and at the top of 
the coke bed there should exist no O,. Since the 
O, is gradually consumed, a zone broader in its 
area than if it were consumed instantaneously 
is produced. With the consumption of O, there 
is simultaneously a consumption of coke which, 
of course, accounts for the shrinking of the bed. 
This consumption of coke takes place by each 
piece becoming smaller as it is consumed, which 
in turn exerts its influence on the rate of blast 
penetration and distribution. 


Well or Basin of the Cupola 

In this zone there is the liquid iron in con- 
tact with solid incandescent coke, but the 
blanket of slag on top of the molten iron pro- 
tects the iron from any further gaseous in- 
fluence and the principal reaction which might 
take place here is one of direct solubility of car- 
bon in the molten iron. It is believed that the 
degree of carbon solubility at this point is con- 
siderably less than in the previous zones dis- 
cussed. 

FOUNDRY COKE CHARACTERISTICS 

It can readily be seen that, if the tuyeres 
are modified to introduce the same blast volume 
at a different pressure, the degree of penetra- 
tion and the course of the gases will also change. 
This in turn affects the time of contact and 
velocity rates, with consequent possible changes 
in gaseous concentration. Changes in the 
amounts of the charges of both iron and coke 
will also influence the conditions within the 
cupola, The above changes are made without 
any change in the amounts or kind of the raw 
materials, yet it is evident that these modifica- 
tions very definitely can affect the resultant iron 
and operation. 

In contrast to the above, the factors men- 
tioned can be held constant and changes made in 
the raw iron, such as the percentage of steel, or 
pig or type of scrap, or in the amount of coke 
used, either in the bed or between charges, or 
both, or the wind rate. Each of these factors 
will influence the overall operation, depending 
upon the extent of the changes made, and if 
sufficient control in these respects is not exer- 
cised, then these factors, because of improper 
supervision, produce many of the usual ills en- 
countered in cupola difficulties. 

Specifications can be of real assistance to a 
manufacturer in selecting his raw materials. 
They also serve the purpose of maintaining and 
elevating the standards of the materials them- 
selves. In connection with foundry coke, how- 
ever, the recommended specifications are found 
to be rather limited in their scope, with the con- 
sequent effect of retarding the improvement of 
this material. 

The present specifications for foundry coke as 
designated by the American Society for Testing 
Materials (A.S.T.M. D17-16)' are as follow :— 
Volatile matter, not over 2.0 per cent.; fixed 
carbon, not under 86.0; ash, not over 12.0; and 
sulphur, not over 1.0 per cent. It is evident 
that these specifications describe the properties 
of a coke to a very limited degree from both 
the standpoint of production and consumption. 

As a manufacturer, the author is interested 
in many additional features of a coke not re- 
presented in these specifications, and personal 
daily tests include these additional factors :— 
Shatter test; weight per cubic foot; cell space; 
porosity; specific gravity; size; and combusti- 
bility. With the exception of the last item, 
these factors describe the physical properties 
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which are extremely important in the proper 
evaluation of a foundry coke. The last item, 
combustibility, in the writer’s opinion, is one of 
the most important points for consideration. 

The function of a foundry coke in the cupola 
must be basically twofold:—(1) Physically able 
to hold up the burden to permit the proper 
penetration of the air blast; and (2) by the 
combustion of the coke to furnish the heat to 
melt the iron. These are recognised as neces- 
sary features of a coke for this purpose, and 
will account for the interest aroused in the 
physical properties as well as the chemical 
characteristics. 

Cokes which meet the chemical] requirements, 
or fulfil the functions of items 1 and 2, may 
still not be entirely satisfactory, for all cokes, 
regardless of size or character, are combustible. 
The important point for consideration is that 
each coke has its individual combustible 
characteristics which will largely regulate and 
influence the cupola’s operation. 

A considerable amount of interesting infor- 
mation has been presented recently in the 
technical Press on the influence of coke proper- 
ties on cupola operation, and attention is called 
to a few of these articles. Blayden® states that 
‘the coke size and rate of air supply, i.e., the 
area and the time of contact of the coke and 
air, appeared to be predominating factors dur- 
ing combustion.’”? O’Neill and Pearce,’ after 
presenting some rather complete data on tests 
of several foundry cokes in both an experimen- 
tal cupola and large-scale practical operation, 
state :—‘‘ The fact remains that, in spite of all 
the laboratory tests, the safest method of judg- 
ing an unknown coke of the present series (re- 
ferring to cokes tested) is by means of a con- 
trolled practical trial.’? Bowers and MacKenzie‘ 
have presented an interesting discussion of the 
effect of coke size, and they express their 
general conclusions by stating that ‘‘ these ex- 
periments further indicate that there is an 
optimum size for the coke to be used in a given 
cupola.’? Dudouet® draws some interesting con- 
clusions on some fundamental aspects of cupola 
operation, and discusses a few of the ills en- 
countered, together with his recommendations 
for correction. 

A perusal of the literature on this subject will 
soon convince the reader that in many aspects 
the characteristics of a coke are difficult to 
assay in the laboratory or by means of small- 
scale cupola operation. These tests can, and 
do, indicate some of the features of a coke, but 
in no sense can they completely classify this 
material with regard to the expectancy in large- 
scale operation. There are, however, certain 
features in the combustion of a coke in the 
cupola that permit of some evaluation, and the 
interpretation of the effect of these features 
will now be discussed. 


PHYSICAL CHARACTERISTICS 
General Structure 

It is desirable to have a coke which will with- 
stand degradation both in mechanical handling 
and in its passage through the cupola. It must 
not be forgotten that for any given coke the 
rate of combustion is influenced by the size of 
the coke pieces, and, if a coke is badly battered 
by the time it reaches the combustion zone, the 
rate of reaction will be correspondingly altered. 
In this regard, the coke manufacturer attempts 
to produce a coke with the least possible fissur- 
ing, for these are the natural lines of cleavage 
as the coke is subjected to physical abuse. It 
is impossible, of course, to make a coke which 
will withstand all physical abuse, for these fis- 
sures occurring in all cokes are the result of 
heat strains created by the carbonising process. 

The shatter test is employed to measure the 
degree of breakage a coke will suffer when sub- 
jected to a specified physical abuse, and the 
results of this test are of marked assistance to 
the coke manufacturer in serving as a guide in 
this respect. 
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Size 

The influence of coke size in cupola opera- 
tion has already been mentioned with respect 
to the change in coke surface exposure. This 
change in coke surface naturally increases or 
decreases the rate of oxygen consumption as 
the coke size decreases or increases. It is also 
felt that there are definite limitations. both in 
maximum and minimum sizes to be _ recom- 
mended, and it does not seem advisable to re- 
commend general size requirements based en- 
tirely on cupola diameters, The reason is that 
the metal constituting the charges is subject to 
extreme variations, both as to volume and sec- 
tion thickness of individual pieces. These varia- 
tions in metal sizes disturb the proper distri- 
bution of the coke as charged, and will result 
in an. uneven bed height as the coke reaches 
this point. In addition to this, the density of 
the charges above the bed exerts its influence 
in the passage of the gases, which in turn is 
transmitted back throughout the entire cupola 
and will definitely affect the direction and rate 
of flow of the gases. 

Under controlled conditions, such as in an 
experimental cupola, the effect of coke size is 
a measurable function, but in actual operation 
it is one very difficult to study because of the 
factors mentioned. The above remarks are 
made as a word of caution in the selection of 
coke sizes for a given cupola. At the present 
time on the American market three foundry 
coke sizes are available: 4 in. and up; 3 in. 
by 7 in.; and 3 in. by 4 in., and a size is re- 
commended after making a study of the actual 
operation to determine the overall character- 
istics of the process. 


Cell Space 

The cell size of a coke is determined largely 
by the coals used and the conditions of car- 
bonisation. The influence of this factor in the 
combustion of the coke has been the subject of 
much debate, and evidence has been shown both 
for and against in support of the individual 
opinion. It is sufficient at this time to point 
out that there is a relationship between this 
factor and the crushing strength of coke, and 
possibly in the degree of reactivity, both with 
oxygen and carbon dioxide, but so many other 
factors also influence these points that it has 
been difficult to assign a direct connection to 
the effect of cell size itself. 


Porosity, Weight and Density 

Porosity.—The porosity of coke is closely 
associated with the cell size, and while it is a 
measurable quantity of coke, its influence as 
yet cannot be definitely assigned. 

Weight per Cubic Foot.—By this term is 
meant the weight a solid cubic foot of coke 
would have if the voids between the pieces were 
excluded. This is a physical characteristic of 
each coke and a measurable quantity. It is also 
closely connected with the coals used and the 
carbonising conditions, It is also difficult to 
assign any influence of this characteristic to 
the combustion properties of coke. 

Density.—The factor relates to the actual 
density of the coke itself. That is, the cell 
structure is destroyed by fine grinding and the 
density is determined on the fine coke particles, 
which distinguishes this factor from the weight 
per cubic foot. This factor is important in that 
it does give a measure of the wall thickness of 
the cells of the coke proper which will influence 
the rate of combustion of the coke. 


CHEMICAL CHARACTERISTICS 
Volatile Matter and Ash 

Volatile Matter.—This is a measure of the 
residual volatile matter remaining in the coke 
after carbonisation, and will influence its rate 
of combustibility. This will be discussed more 
thoroughly under combustibility. 

Ash.—The percentage of ash in a coke is a 
direct function of the ash content of the 
criginal coal. Its direct influence is, of course, 
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its relationship to the corresponding carbon in 
the coke. That is, for each 1 per cent, increase 
in ash there is a corresponding decrease in car- 
bon content of the coke. The character of the 
ash varies with each coal used, but since most 
cupolas operate with an excess of fluxing 
materials, this factor is relatively unimportant 
in this regard. Some operators feel that the 
ash content of the coke does influence its com- 
bustion characteristics in addition to the effect 
upon the carbon content, but it is felt this point 
needs considerable clarification. 


Sulphur 

It is generally recognised by both producers 
and consumers that this substance should be 
held at a minimum content, and it is believed 
that most coke manufacturers will hold this 
content below 0.6 per cent., which has proved 
generally satisfactory for most operations. The 
sulphur pick-up in a cupola is a rather complex 
reaction, and is related to the form in which 
sulphur occurs in the coke. Powell® states that 
sulphur exists in coke as a solid solution of 
sulphur in carbon, ferrous sulphide, sulphates 
and free sulphur. 


Thompson’ reports that ‘ the contamination 
of the iron with sulphur comes almost entirely 
from the ferrous sulphide form of sulphur in 
coke, and is produced chiefly by actual con- 
tact of coke and iron in the spongy-iron zone 
of the furnace.’? Dudouet® states that the prin- 
cipal reaction of sulphur pick-up in the cupola 
is due to the contact of the SO,, resulting from 
the combustion of the coke, with the iron, caus- 
ing a diffusion of this material into the iron at 
the high temperatures existing. Bowers and 
MacKenzie* state that the sulphur pick-up 
increases with decrease in coke size. To the 
writer it seems entirely possible that the sul- 
phur absorption occurs in much the same 
manner that carbon pick-up occurs, and that 
in certain instances the gaseous reaction might 
predominate while under other conditions the 
solid reaction might be favoured. 


Although there appears to be a difference in 
viewpoint among the investigators as to which is 
the predominating reaction, there is a belief in 
general that the sulphur pick-up is greatest with 
a coke having the highest total sulphur content. 
Until more knowledge is available about the 
relationship of the influence of the different forms 
of sulphur, the producers’ safest course seems to 
be to keep the total sulphur content of the coke 
at a minimum. 


Combustibility 

The subject of combustibility of coke has 
rapidly gained in prominence in recent years. 
and each investigation has emphasised the neces- 
sity for a true and reliable index of this feature 
of coke. There are many difficulties attendant 
with the determination of this characteristic 
which will account in part for the apparent slow- 
ness in the acceptance of this factor as a measur- 
able index, but recent investigations indicate 
that very definite progress is being made in this 
direction. 

The characteristic of combustibility is dependent 
not only on the chemical composition but also 
upon the physical structure, both features of 
which are directly related to the coals from which 
the coke was made and the carbonising conditions 
to which it was subjected, and it is this non- 
uniformity in these respects which has made this 
particular feature difficult to assay. Some recent 
work of Riley’, however, on the types of car- 
bon existing in coke, holds promise of shedding 
some light on this very important subject. When 
considering the reactions C + O, —> CO, and 
CO, + C +» 2C0, it must be recognised that 
these reactions are not instantaneous but pro- 

‘ed at a rate determined by the characteristics 
of the coke itself. That is, each coke has it own 
reactivity rate, both with respect to its con- 

imption by oxygen and also with respect to the 
secondary reaction with carbon dioxide which 
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often represents a high solution loss in the stack 
and, of course, high coke costs. 

The relationship, then, of this feature of a coke 
to cupola operation is readily apparent and if a 
coke is of comparatively free-burning charac- 
teristics, there can be expected a faster consump- 
tion of oxygen and, of course, a more rapid burn- 
ing out of the bed, necessitating larger quantities 
of coke between the iron charges to prevent the 
bed burning down to the danger point of oxida- 
tion. This is one direct application of the know- 
ledge of this characteristic, but there are many 
more which must be studied in conjunction with 
the cupola itself to establish the relationship. 
It is this realisation which has prompted the 
coke manufacturer to investigate the fundamental 
factors of coke composition. For a more com- 
plete discussion of the features of foundry coke 
from the standpoint of manufacture, the reader 
is referred to a Paper by the writer.° 
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Crankpin Wear 
Compared 


The use of copper-lead or ‘‘ lead-bronze ”’ 
bearings in place of white-metal bearing has 
eliminated the trouble of cracked bearings in 
automobile engines, according to C. G. Williams 
and H. Ludicke, of the American Institution of 
Automobile Engineers, in a recent report (ex- 
tracted in ‘‘ Iron Age ’’) before the World Auto- 
motive Engineering Congress at San Francisco. 
But the use of “‘ lead-bronze ’’ bearings in some 
cases has resulted in appreciable journal wear. 
Accordingly, a test was conducted to determine 
the relative wearing properties of various crank- 
shaft materials when running against a typical 
copper-lead alloy, at a bearing temperature of 
212 deg. Fah. 

In the tests the crankshafts were rotated at 
3,300 r.p.m., giving a rubbing speed of 756 ft. 
per min. The piston mass was such that the 
mean bearing pressure was 2,500 lbs. per sq. in., 
the maximum and minimum pressures being 
4,400 and 670 Ibs. per sq. in. respectively. A 
mineral oil having viscosity of 890 Saybolt sec. 
at 100 deg. Fah., and of 82.4 Saybolt sec. at the 
test temperature of 212 deg. Fah., was used 
throughout, the oil pressure being initially 
about 50 Ibs. per sq. in. and the oil flow 7.2 
pints per hr. The bearings were assembled with 
a diametral clearance of 0.001 to 0.0015 in. 

The bearings showed a typical analysis of be- 
tween 26 and 30 per cent. of lead with small 
additions of tin. 

Materials Tested 

The crankpin materials tested, which were 
all ground-finished, comprised the following :— 
A nickel-chrome steel, heat-treated; a nickel 
steel, not heat-treated; a nickel-chrome-molyb- 
denum steel, both heat-treated and not heat- 
treated; a carbon steel, both heat-treated and 
not heat-treated; three cast materials; three 
chromium-plated materials (two not ground); 
and three other surface-hardening treatments, 
viz., carburising, a proprietary hardening pro- 
cess, and nitriding. 

The nickel-chrome steel analysed 0.38 C, 0.24 
Si, 0.025 S, 0.025 P, 0.53 Mn, 1.3 Ni and 0.59 
per cent. Cr. The nickel-chrome-molybdenum 
steel analysed 0.365 C, 0.19 Si, 0.029 S, 0.03 P, 
0.48 Mn, 2.08 Ni, 1.16 Cr, and 0.35 per cent. 
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Mo. The nickel steel analysed 0.365 C, 0.23 Si, 
0.037 S, 0.035 P, 0.80 Mn, and 0.74 per cent. 
Ni. The carbon steel analysed 0.515 C, 0.10 Si, 
0.028 S, 0.028 P, and 0.63 per cent. Mn. The 
three cast materials analysed as follows :—Cast 
* alloy,”’ 1.2 C, 1.76 Si, 0.47 Mn, 0.03 Ni, 0.55 
Cr, and 2.58 per cent. Cu; cast steel, 0.3 C, 0.2 
Si, 0.038 S, 0.035 P, 0.80 Mn, 2.47 Ni, 0.42 Cr, 
and 0.35 per cent. Mo; cast iron, 2.94 C, 1.3 Si, 
0.14 S, 0.12 P, 0.95 Mn, 0.33 Mo, and 1.2 per 
cent. Cu. 


The results obtained in this investigation 
showed the following :— 
The wear results obtained with chromium- 


plated materials show that the crankpins with a 
relatively thick deposit gave twice the rate of 
wear of the crankpin having a thin deposit. 
When compared with the Ni-Cr steel crankpin 
there appears to be little advantage in using 
chromium-plated crankpins. 

The surface-hardened materials tested were :— 
(a) A carburised crankpin with a Vickers hard- 
ness of 886; (b) a nitrided crankpin with a 
Vickers hardness of 1,150; and (c) a crankpin 
hardened by a proprietary process to a Vickers 
hardness of 746. In the latter process it is 
claimed that the outer surface of the material 
is converted into a ferrous alloy containing 
aluminium, silicon and chromium. 

The results of tests on the surface-hardened 
materials show that case-hardening is a satis- 
factory means of reducing crankpin wear with 
copper-lead bearings. Compared with a Ni-Cr 
steel, the wear with the three case-hardening 
processes was about one-fourth. In general, and 
contrary to what was observed with the softer 
crankpin materials, bearing wear occurred more 
rapidly than crankpin wear, this being due 
largely to high initial wear of the bearings dur- 
ing the early part of the tests. It is highly 
probable that, with hardened crankpins, surface 
finish of the crankpin plays a very important 
part in determining the amount of this initial 
bearing wear. In the present tests the crank- 
pins had been ground to a fine finish which 
could, however, have been improved by a lap- 
ping or buffing process. In general the cast 
materials gave excellent results. 








Bessemer Flame Control 


With Bessemer flame-control equipment now 
being installed on the two converters at its Pitts- 
burgh works the Jones & Laughlin Stee] Cor- 
poration, Pittsburgh, will soon have all of its 
five converters operating under this new scien- 
tific control method which features the use of an 
arrangement of photo-electric cells as a part of 
the control system. The continued use of this 
J. & L. invention, on which patent applications 
have been filed, is further proving its earlier 
success in controlling the Bessemer process to 
a degree of uniformity never before attained. 

With growing experience in the use of the 
Bessemer flame control, J. & L. operators are 
reaching a new and higher skill in maintaining 
uniform temperatures and uniformly repro- 
ducible quality from heat to heat. Records of 
heats blown are showing narrowed range of 
temperature of the stee] at the end of the blow; 
improvement in freedom from surface defects; 
sounder structure in the centre of billets and 
bars; and higher degree of workability in 
machining, forming, and fabricating. The steel 
produced for screw stock under Bessemer flame- 
control methods is showing gratifying results in 
uniform machinability, cutting speeds, feeds, 
and appearance of the finished product. 

In addition to the flame-contro] method already 
developed and in use, other factors affecting the 
quality of Bessemer steel have been recognised 
and methods of controlling them are being 
rapidly perfected for further improvement in 
the product. 
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Centrifugal Casting of Metal and Alloys’ 


By J. E. HURST, D.Met. 


An early British Patent dated 1809, in the 
name of Anthony Eckhardt, of Soho, Birming- 
ham, claims the invention of a centrifugal casting 
process embodying ‘‘ the use of moulds revoluble 
with their axes either vertical, inclined or hori- 
zontal in order that centrifugal force due to the 
revolution may press the fluid metal against the 
interior surfaces of the mould and more perfect 
castings thereby produced.’’ ‘The use of a 
grooved cylindrical mould with longitudinal 
grooves in its interior surface and revolving 
about a horizontal axis was claimed also for 
production of straight bars. 

While there are a number of different pro- 
cesses of centrifugal casting in commercial opera- 
tion to-day the broad principles outlined in this 
early Patent are common to them all. In opera- 
tion, the centrifugal casting process is applied to 
castings of an essentially cylindrical character. 
The mould is arranged to rotate with its central 
axis either vertical, inclined or horizontal. The 
internal periphery of the mould is of the shape 
of the external form of the casting required. 
No core is used or required for the formation 
of the main internal surface of the casting, and 
suitable end closing walls are provided to prevent 
the displacement of the liquid metal in the direc- 
tion of the axis of rotation. The molten metal 
is introduced into the rotating mould by suitable 
means and the centrifugal forces resulting from 
the rotation of the liquid metal tend to distribute 
it towards the inner periphery of the mould. 
When solidified, the metal produces a hollow 
casting, the external shape of which corresponds 
to that of the internal shape of the mould. The 
internal bore of the casting as defined by the 
end walls of the mould is either truly cylindrical 
or of a more or less paraboloidal form in those 
cases where the mould is rotated about an axis 
inclined to the horizontal. 

In the commercial application of the process, 
its limitation to castings of a cylindrical charac- 
ter by no means restricts its importance and 
commercial value. Closer acquaintance with the 
process rapidly discloses that its applications are 
very much larger than one would suppose. Many 
engineers and designers have been intrigued by 
the possibilities of this process and have under- 
taken development and experimental work with 
a view to adapting the process to their specific 
requirements. The centrifugal process is now 
applied in industrial countries to the production 
of castings in cast iron, steel, and non-ferrous 
alloys. 


Processes Available 


A number of different types of processes for 
the production of centrifugal castings are in 
commercial operation. In all cases the casting 
machines can be considered conveniently under 
the following three essential headings: (1) The 
means adopted for the rotation of the mould; 
(2) method of pouring or introduction of metal 
into the mould; and (3) the form and construc- 
tion of the mould. 


Methods of Mould Rotation 


The most important aspect of the methods 
adopted for the rotation of the mould which 
warrants consideration here is the axis of rota- 
tion. In the principal processes in commercial 
operation, rotation of the mould about its hori- 
zontal axis, or an axis slightly inclined to the 
horizontal, is adopted. Rotation about the ver- 
tical axis is used also to a limited extent for the 
production of cylindrical castings of compara- 
tively short lengths, as for example phosphor- 
bronze worm-wheel blanks. 








* Reproduced by permission of the Editor of ‘‘ The Iron Age.”’ 


There are one or two exceptions to this—the 
process known as the Billand process, proposed 
by a German inventor for the production of long 
lengths of standard straight pocket pipe in cast 
iron, is one of these. A most ingenious adapta- 
tion of the vertical spinning lies in the invention 
of Meek, of John Holroyd & Company, Limited, 
which has been very successfully applied to the 
production of cored bars in phosphor-bronze. In 
the Holroyd machine, as described in British 
Patent No. 411,113, the rotating mould, rotating 
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the vertical axis is adopted in the commeycia] 
processes for the manufacture of bronze worm 
wheels, steel wheels and similar castings. Rota. 
tion about an axis steeply inclined to the hori. 
zontal was practised for the production of short. 
length piston-ring drums by the Ford Motor 
Company in America. There does not appear to 
be any particular advantage in this method of 
spinning. A lower speed of rotation can be used 
in this case than in the case of the vertical 
axis; but this has to be set off against increased 
complexity in the machine design. In the two 
principal commercial processes for the produe- 
tion of pipe, a comparatively slight inclination 
of the axis of rotation to the horizontal has 
been adopted. 


Method of Pouring 
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Fie. 1.—Hotroyp Verticat CENTRIFUGAL 
Casting MACHINE. 

rotating metal core which can be withdrawn 

parallel to the vertical axis coincident with 

the filling of the mould. Provision is of 


course necessary for the synchronisation of all 
the movements as is indicated diagrammatically 
in Fig. 1. , 

From experience, the general rule would appear 
to be that spinning about the vertical axis should 
ho adopted for the production of those cylindrical 
castings in which the radial thickness is excep- 
tionally great in comparison with the length, 
e.g., wheels, locomotive piston heads, gear-wheel 
blanks, thick-section annular bushes and ingots. 
As a matter of fact, the method of rotation about 


@) PIPE EXTRACTED LADLE 





REFILLED 
2.—De LaAvaup CENTRIFUGAL CASTING 
MacHIneE. DIAGRAM SHOWING SEQUENCE 
oF OPERATIONS (STUART). 


Fic. 


metal into the rotating mould is the principal 
feature which differentiates the various systems 
of centrifugal casting. In the majority of sy 
tems where it is required to produce castings t0 
close limits of dimensiona] accuracy, and pal- 
ticularly where metal moulds are used, the 
method of pouring is the most vital and impor- 
tant feature of the process. Where the limits 


of accuracy are not so close and where the cast- 
ings are of short lengths and comparatively 
bulky, the method of pouring is not nearly o! 
such extreme importance. 

The earliest method of introducing molten 
metal into moulds rotating about the horizontal 
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axis was the use of some form of a bent funnel. 
Such a bent funnel suitably mounted, projecting 
into the die parallel to the axis of rotation, 
allows the molten metal poured from an ordinary 
ladle to be directed on to the surface of the 
mould in a continuous stream. The even distri- 
bution of the whole liquid metal over the surface 
of the mould is acquired by the movement of 
the liquid metal over the surface of the mould 
in a direction parallel to the axis of rotation. 
This movement is brought about purely by the 
forces originating from the rotation of the liquid 
metal itself. The magnitude of these forces and 
consequently the rapidity with which these move- 
ments are brought about and completed, depends 
upon the rapidity with which the molten metal 
acquires rotational velocity in the first instance. 
The time available, while the metal remains 
liquid for rotational velocity to be acquired and 
for uniform longitudinal distribution to take 
place, is so short that in practice this method 
of pouring is only successful when applied to 





Fic. 3.—CENTRIFUGAL 
PROCESS FOR PURIFICATION 
or P1g-I RON, AS DEVELOPED 

BY JAROTSKY. 


the production of short-length castings having 
a large radial thickness. 

With the object of reducing the length of 
time required for the molten metal to distribute 
itself evenly over the whole length of the mould, 
the obvious method of pouring at several points 
or over the whole length of the mould simul- 
taneously, constitutes the next development. In 
this manner the distribution of the metal over 
the length of the mould parallel to the axis 
of rotation becomes more or less independent 
of the forces due to the rotation of the liquid 
metal. The apparatus used to effect such distri- 
bution takes a variety of forms and has been 
developed along various lines by different in- 
ventors. The simplest form is a tilting trough 
of cylindrical cross-section, in which a portion 
of the cylinder wall is cut away in such a manner 
as to form a horizonta] weir edge of approxi- 
mately the length of the casting to be produced. 
This trough is mounted in such a manner as 
to enable it to be tilted or partially rotated 
about its longitudinal axis, and is either large 
enough in itself to hold sufficient metal for the 
production of the casting, or is attached to some 
external reservoir containing molten metal. 

From the early days of centrifugal casting it 
has been recognised that for the production of 
long castings of even thickness, the introduction 
of the molten metal must be effectively con- 
trolled. It is apparent from the early Patents— 
and experiment confirms the fact—that the 
introduction of molten metal in a long flat con- 
tinuous stream of approximately the same length 
as the casting is difficult to control from the 
point of view of the ultimate uniform even thick- 
ness of the pipe. 

With the object of acquiring still greater con- 
trol over the pouring operation, the use of a 
stream of metal of comparatively narrow width 
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combined with means for applying this stream 
to the surface of the mould was contemplated by 
varfous inventors. The methods adopted in 
almost every case utilise the means of relative 
longitudinal movement between the mould and 
the metal stream itself. This will be under- 
stood readily from the description of three typi- 
cal cases. In 1891, Lane designed a machine in 
which the stream of metal was allowed to issue 
from the end of a tubular spout and at the same 
time the mould was continuously withdrawn over 
the spout. The effect of this relative longi- 
tudinal movement between the mould and pourer 
spout is such that, provided the movements are 
properly synchronised, the stream of metal is 
continuously deposited over the whole surface 
of the rotating mould. 

Briede, in Germany in 1912, designed a 
machine embodying this relative longitudinal 
movement between the pourer spout and the 
mould. These systems of relative longitudinal 
movement between the mould and a 


narrow 





Fic. 4.—CENTRIFUGAL Process FoR PURIFICATION OF P1G-IRON, 
AS DEVELOPED BY VROONEN. 


stream of molten metal have culminated in the 
modern system, invented by Sensaud de Lavaud 
and known as the de Lavaud system. This is 
the system extensively adopted for the produc- 
tion of cast-iron pipe. 

A diagrammatic illustration of the de Lavaud 
machine as used in the manufacture of cast-iron 
pipe is given in Fig. 2. The mould while rotat- 
ing is moved longitudinally in a direction away 
from the end of the pourer. It can be imagined 
readily that if this longitudinal movement is 
correctly synchronised with the rotational speed 
of the mould, the metal issuing from the end 
of the pourer will cover the whole of the surface 
of the mould. If, in addition to this, provision 
is made for the molten metal to be delivered 
from the pourer at a uniform and controllable 
rate, then the casting will be of uniform and 
controllable thickness. The segmental shape of 
the tilting ladle is specially designed to supply 
uniform quantities of metal to the pourer trough. 

The Billand process, which has been referred 
to previously, operates on a similar principle— 
but in this case the whole operation is conducted 
with the mould rotating about the vertical axis. 


The sand-spun processes, as they are now 
called, utilise sand moulds and the methods of 
pouring adopted in conjunction with such moulds 
take advantage of the longer period of solidi- 
fication under these conditions. 


The Moore sand-spun process developed by 
W. D. Moore, of the American Cast Iron Pipe 
Company, and the Sand-Spun Patents Corpora- 
tion, is specially interesting and has been adopted 
extensively in various countries. This method 
combines all the advantages of sand moulds with 
that of the centrifugal casting process. An im- 
portant aspect of the sand-spun process lies in 
the longer time during which the metal remains 
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molten while under the influence of centrifugal 
pressure. 


Form and Construction of Moulds 


The use of sand moulds, produced more or less 
in the ordinary manner, has been resorted to 
since the earliest date of the art of centrifugal 
casting. In the centrifugal casting of non- 
ferrous alloys, sand moulds have been consistently 
adopted. One of the principal reasons for the 
use of sand moulds is their low initial cost, a 
factor of vital importance where the total num- 
ber of castings would not justify the cost of a 
metal mould. In the case of the production 
of castings in cast iron, the use of sand moulds 
presents one method of avoiding trouble due 
to the formation of chilled hard white iron 
surfaces. 

The centrifugal process lends itself admirably 
to the use of metal moulds, and in some of the 
principal processes in commercial operation such 
metal moulds are used. In the de Lavaud pro- 
cess for the production of cast-iron pipe, an 
alloy steel mould adapted for water-cooling *s 
used. In this process the castings are submitted 
to a subsequent heat-treatment in the shape of 
an annealing or normalising process. 

In those processes operating with metal moulds 
on the production of general castings, no water- 
cooling is adopted. In practice, the moulds 
attain suitable temperature and heat conditions 
to produce castings definitely free from chill. 
The credit for production of centrifugal castings 
in grey machinable cast iron free from chil] on 
a commercial basis utilising metal moulds is to 
be ascribed to Stokes Castings, Limited, Mans- 
field. Cammen, in America, has proposed the 
use of hot metal moulds. Cammen recommends 
a mould temperature of the order of 750 to 
1,180 deg. C., depending on the thickness of 
the casting—the thinner the casting, the higher 
the temperature. His primary object appears 
to be not so much that of eliminating the pre- 
sence of chill as that of securing even distribu- 
tion of the molten metal in lengthy moulds. 
According to Cammen, the primary object of the 
mould should be to conserve the heat of the 
molten metal, and with this view the author 
is in direct opposition. The mould should be 
regarded primarily as a means for absorbing or 
dissipating the heat of the molten metal. The 
mould should be designed in such a manner that 
the heat absorbed from the casting is absorbed 
at such a rate that the cooling of the metal 
through the critical range of temperature is not 
sufficiently quick to prevent the formation of 
the graphite. If these conditions can be ob- 
tained, then the castings will be free from chill. 

Experience has definitely shown that these con- 
ditions can be obtained, using metal moulds 
either water-cooled or air-cooled for any given 
composition of cast iron within the limits of 
the ordinary grades of iron used in foundry prac- 
tice. Furthermore, a much lower temperature 
than that recommended by Cammen can _ be 
utilised to prevent the formation of chil], and 
grey machinable castings are produced under 
conditions where the inner surface temperature 
of the mould does not exceed 500 deg. C. In 
the case of castings 4 in. in diameter by 3 in. 
thick, castings are produced daily at the rate of 
15 per hr. over a period of 8 hr. without the 
above maximum temperature being exceeded. 
In no case has any annealing been necessary 
and all the castings are soft grey and readily 
machinable, the silicon content of the iron used 
not exceeding 2.20 per cent. 


Centrifuging Molten Metal 


The application of the centrifugal process for 
the purification and refining of pig-iron may be 
regarded as a development of the centrifugal 
process for the production of castings. 

Perhaps the most striking evidence of the 
effect of centrifugal action on the particles of 
undissolved material present in cast iron is to 
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be had from its effect upon the manganese sul- 
phide. Manganese sulphide is undissolved in 
molten cast iron at the temperature at which 
cast iron is ordinarily melted. The specific 
gravity of manganese sulphide at casting tem- 
perature is substantially less than that of cast 
iron. 

Under these circumstances it may be expected 
that manganese sulphide will be separated to 
the inner surfaces of cylindrical castings made 
under the influence of centrifugal action. 
That this is so may be amply demonstrated by a 
sulphur print taken from the cross-section of a 
centrifugal casting, which will show clearly how 
the manganese sulphide constituent is concen- 
trated in the inner surface. In a like manner 
other undissolved matter, having a lower specific 
gravity than that of the liquid metal, such as 
slag particles, insoluble oxides, and the like, are 
effectively separated, 

The effect of mechanical movement on the 
separation of undissolved particles from molten 
metal and the refinement of the grain structure 
in the final solidified metal has been recognised 
for a long time. Mechanical methods of stir- 
ring, rocking and vibration have been proposed, 
particularly for use in connection with cast 
iron. Some years ago considerable prominence 
was given to a shaking or jolting apparatus. 
In the most advanced design of this apparatus 
invented by the Continental engineer Duchesne, 
an oil-fired receiver was used, mounted on a 
frame and arranged to be capable of jolting by 
means of a rotating cam device very similar in 
action to that of a mechanical jolt ramming 
machine. The effect of the quick succession of 
jars on the molten metal in the receiver was 
claimed to effect considerable improvement in 
the quality of the castings produced, and this 
was ascribed partially to the degasification effect 
due to the vibration. 

This process was described by Irresberger in 
THe Founpry Trape Journat, July 22, 1926. 
Quite recently, in connection with the promot- 
ing of soundness and closeness of grain in steel 
ingots, an arrangement was patented by a Ger- 
man engineer in which the liquid steel is sub- 
jected to very high-frequency vibration of 
audible frequency. 


Degasification Promoted 


The centrifugal process may be regarded as a 
special case of mechanical movement, and_ its 
use has been proposed for the purification of 
such metals as lead and copper. Many of the 
early Patent applications relating to the cen- 
trifugal process had as their object the promo- 
tion of soundness, this being understood to be 
brought about by the condition of centrifugal 
pressure. Quite a number of attempts have been 
made to utilise the effect of the centrifugal 
action in the refining of the grain size and the 
elimination of sulphur and other undissolved 
matter in both steel and pig-iron. Mechanism 
for the rotation of steel ingot moulds filled with 
molten steel has been designed with this object 
in view, in addition to attempting to improve 
the soundness of the ingots as a whole by the 
reduction in the amount of the pipe. 

A very early attempt in connection with steel 
was proposed by Sir Henry Bessemer in his 
Patent No. 2,819, dated 1859. In this Patent it 
was proposed to pour the metal on to a rapidly 
rotating table or surface rotating within the 
enclosure of a mould casing, Under these con- 
ditions, by reason of the centrifugal action, the 


molten metal was ‘‘ thrown outwards in the 
state of globules, the extrication of gaseous 


The 
the 


matters from it being thereby favoured.”’ 
outer revolving mould enclosure formed 
mould where the globules collected. 

It is clear that this attempt to subject molten 
steel to centrifugal action was designed pri- 
marily to promote degasification, and it is 
probably true that the agitation which molten 
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metal receives when subjected to such action 
does bring about disengagement of the dissolved 
gases. 


Recent Processes Developed 

During more recent years there have been 
several processes designed for the utilisation of 
centrifugal action in the purification of pig-iron. 
One of these, due to the Russian metallurgist, 
N. N. Jarotsky, is described in the German 
Patent D.R.P. 470/195, dated February, 1926. 
The diagram in Fig. 3 will serve to illustrate 
the principles involved. A specially shaped con- 
tainer or ladle is arranged to be capable of 
rotation by means of the spur gearing attached 
to the base. This container, lined with suitable 
refractory material, is filled with molten metal 
and rotated. Under the influence of the rota- 
tion both the gases, sulphides and_ included 
slag particles are concentrated in the base of 
the paraboloidal depression of the liquid sur- 
face due to rotation and may remain on the 
surface of the molten 
has subsided, the 


metal after the rotation 
gases, 


of course, being 
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Fic. 5.—CENTRIFUGAL PROCESS FOR 
DEVELOPED BY BRADLEY 


liberated. 
pouring of 
separated. 

Another process of centrifugal purification is 
due to the Belgian engineer, M. E. Vroonen, 
and has been described in his Paper before the 
International Foundry Congress at Brussels in 
1935. The essential portion of the Vroonen 
apparatus consists of a conical tube lined with 
suitable refractory material and capable of being 
rotated. The mode of operation will be under- 
stood by reference to the diagram illustrated in 
Fig. 4. 

In this apparatus the molten metal 
into the rotating conical tube as it 
the melting furnace. The rotating 
clined, and under the influence of centrifugal 
action induced by the rotation, the molten 
metal tends to distribute itself and flow down 
the tube in the manner indicated in the 
diagram. The molten metal during its passage 
through the rotating tube can be treated with 
refining slags, for example, sodium carbonate. 

This material is added as the metal enters the 
tube and the intimate contact obtained between 
the sodium carbonate and the molten metal at 
the mouth end of the tube ensures the effective 
absorption by the slag of the sulphides and 
other suspended matters. As the metal flows 
towards the delivery end of the tube, the slag 
formed tends to separate, and the molten metal 
and slag are delivered into a stationary channel 
fitted with a kind of skimming brick designed 
to retain the slag and allow the purified metal 
to flow into the moulds. 

A centrifugal purification process operated 
in England by Bradley & Foster, Limited, is a 
development of their earlier degasification pro- 
cess described in THe Founpry Trape Journat, 


By careful pouring or by bottom 
the ladle the purified metal is 


is delivered 
issues from 
tube is in- 
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April 9, 1931. This process is applied to the pro- 
duction of high-grade refined pig-iron, refined 
malleable pig-irons and refined alloy pig-irons. 

In this process a cylindrical oil-fired receiver 
is used, capable of holding 5 to 15 tons of meial 
to be treated. The metal to be treatec. is taken 
from the refineries and maintained it a suit- 
able temperature in the oil-fired receiver. A 
modified form of powerful stirring device is in- 
troduced into the molten metal. This device con- 
sists essentially of four vertical rods coated with 
a suitable refractory coating and arranged to 
rotate in the molten metal by a constant and 
uniform peripheral speed. By this rotation the 
metal is first agitated and then steadily acquires 
a uniform rotational velocity. In actual prac- 
tice this velocity is arranged to a peripheral 
speed of about 400 ft. per min. During this 
treatment the addition of suitable refining slags 
is made and these absorb the separated sulphides 
and slag materials. The impurities and sulphur 
contents, separated, are absorbed by the molten 
slag in contact with the metal during centri- 
fuging. After this operation the metal and slag 


Surface of molten iron during the 


Ps centrifugal purification process. 


Maximum peripheral speed 
400 feet per minute 


. Surface of the special refinii 


a slags 
during the centrifugal purific 


von treatment 


an Slag and suspended impurities separated 


by the centrifugal action in contact 
with the refining slag 


--Surtace of the metal and the slag 
after the completion of the centrifugal 
refining process 


THE PURIFICATION OF 
& Foster, Limitep. 


Picg-IRoN As 


subside, forming two layers, and the purified 
metal can be tapped off readily. 

The diagram in Fig. 5 illustrates the prin- 
ciples embodied in this process. The early stage 
of this process brings about considerable tur- 
bulence which is claimed to have an effect in 
causing degasification. The later stage accom- 
panied by uniform centrifugal movement brings 
about separation of the dissolved impurities, 
and the process as a whole obviously ensures 
thorough mixing of the molten metal. 


Modern research in connection with cast iron 
continually emphasises the importance of fine 
grain structure and fine graphite structure. 
The application of the centrifugal process, in 
addition to bringing about purification by the 
separation of the undissolved impurities, may 
he regarded as a method of ensuring fine grained 
and fine graphite structures, in addition to en- 
suring complete admixture and uniformity of 
composition in the molten metal. 








World Tin Consumption in January to June 


World tin consumption in the first six months of 
this year, at 74,900 tons, was 6,000 tons, or 7 per 
cent. below the total for the first half of 1938, the 
International Tin Research and Development 
Council reports. Chief cause of the decline was 
a drop of 60 per cent. in consumption of U.S.S.R. 
and 19 per cent. in Germany. The United King- 
dom used 13 per cent. more in the first half of this 
year and the United States, which accounts for 40 
per cent. of world consumption, used 18 per cent. 
more. World production in the first half was 


62,800 tons, off 31 per cent. from the like period 4 
year ago. World tinplate production in the frst 
six months was 1,900,000 tons, against 1,500,000 
tons in 1938, a gain of 27 per cent. 
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Steel-Foundry Acid Open-Hearth 


Practice’ 
BY W. C. HARRIS}, Birdsboro, Pa. 


Furnace Construction 


No attempt to explain or discuss open-hearth 
design will be made, as this alone would con- 
situte a Paper of great length. An acid open- 
hearth furnace is an open-hearth furnace, with 
the walls and roof built of a high-grade silica 
brick. 

Bottom.—The bottom is made of silica sand, 
ranging from 94 to 97 per cent. pure silica. Tae 
sand used at Birdsboro at present is about 
97 per cent. pure silica, and has approximately 
the screen test shown in Table I. The making 
of the bottom for the first heat requires time 
and skill. Bottoms improperly made will give 
short life and great difficulties during heats if 
not controlled very closely. The furnace is first 
dried with a wood fire, usually for a day, and 
no oil is used until the furnace is clear. Oil is 
then turned on and the burners are reversed 
about every half hour until the furnace is hot. 


Sand is then used to cover the bottom com- 
pletely, and this is allowed to sinter or set 
before more is added. Only an inch or two is 
added at a time. This is continued until a 
depth of 14 to 18 in. is reached. The bottom, 
of course, is sloped in all directions toward the 
tap-hole. A charge of slag is then charged and 
allowed to glaze the entire surface. This may 
be repeated several times until a satisfactory 
bottom is obtained. 

Tap-Hole.—The tap-hole is made by inserting 
a wooden plug about 10 in. in diameter into the 
proper position. for the tapping hole, and then 
banked with yellow and dry silica sand. This 
makes a solid tap-hole when thoroughly dried, 
and the furnace is now ready for the first heat. 
The making of a bottom usually requires 6 or 7 
days. The tap-hole is closed by ramming a mix- 
ture of buckwheat coal and yellow moulding 
sand into the tap-hole. This mixture is backed 
up on both the outside and inside with a yellow 
moulding sand. The buckwheat coal makes it 
easy to open the tap-hole and very seldom is 
time lost in tapping a heat. 

Melting Practice 

The following practice briefly described is the 
one used at present at the author’s plant. Others 
may be found just as suitable or more so at 
various other plants, but at Birdsboro the 
management has found this method the most 
satisfactory for its own needs. Of course, the 


Taste I.—Screen Analysis of Silica Sand Used for Acid 
Open-Hearth Bottom. 


~ Mesh. 














Per cent. 
20 11-0 
30 17-9 
50 26-9 
65 13-9 
80 7°8 
100 11-6 
Pan 10-9 
Total 100-0 
human element contributes a great deal in 


iking any practice a success. 

Plain Carbon Heats.—The charge for plain 
bon heats of the following specifications is 
ade up to the theoretical charge given in 
ble II. By keeping the initial carbon around 
ese figures with uniform practice the heats 
ill melt about the same. There will be suffi- 





* Extracts from Paper presented to the Symposium on Steel 
felting Practice during the annual convention of th> American 
roundrymen’s Association at Cincinnati. 

t Metallurgist, Birdsboro Stee] Foundry and Machine Company. 


cient carbon to give the bath the action needed 
and allow time to attain the proper temperature, 
and at the same time the heat is not delayed due 


TaBLe II.—Charge for Plain Carbon Heat. 





8 P 
Cc | Si | Mn max. | max. 
Specifi- | 0-24 to | 0-35to | 0-70 to | 0-040} 0-040 
cations 0-28 | 0-40 | 0-80 
Charge | 0-70 to | 0-55 to | 0-75 to | 0-035) 0-035 
analysis 0-75 | 0-60 | 0-80 





to working the carbon down to the desired point. 
A representative charge for this class of heat is 
as illustrated in Table ITI. 

Charging.—Although the practice varies at 
different plants, it is usual at Birdsboro to charge 
the pig-iron first. The pig-iron when charged 
first and spread evenly over the bottom serves 
a double purpose: First, the pig-iron attacks 
the bottom to a lesser degree than the heavier 
scrap, and secondly, the pig-iron having a lower 
melting point than the rest of the scrap melts 
first, forming a pool of metal, covered by a slag 
high in managanese oxide and silicon dioxide. 

Heads and gates are charged after the pig- 
iron, followed with bought scrap, such as wheels, 
couplers, etc. After this charge is melted the 
second charge, generally containing heads, gates 
and couplers, is added and this completes the 
charging. Usually 2 hrs. are required to melt 
the first charge, but this is dependent to a large 
degree on the size of the heat. 

Sulphur and Phosphorus.—Only a trace of the 
phosphorus and none of the sulphur is elimi- 
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nated in the acid open-hearth process. Indeed, 
the finished steel may contain a slightly higher 
percentage of both of these elements than the 
average charge. This increase is due to the 
fact that, while the weight of the sulphur and 
phosphorus remains practically constant, the 
weight of the metal may, owing to the losses 
through the oxidation of iron and the other con- 
stituents, be considerably decreased. In addi- 
tion, sulphur may be picked up by the bath, 
from the fuel. 


TaBLeE III.—Representative Charge for Plain Carbon Heat 








Approximate 
Material. per cent. 
Pig-iron o° o< wn 10 
Bought scrap ea cal 40 
Own scrap ‘a os 50 


Consequently, great care must be exercised so 
that the average sulphur and phosphorus con- 
tent of the charge is somewhat below that 1e- 
quired of the finished steel. Scrap is therefore 
bought to specifications as well as the fuel. The 
oil used at the author’s plant may not contain 
a sulphur content of more than one-half of 1 per 
cent., and in order to meet this specification a 
fuel oil having a Baumé rating of 22 to 24 deg. 


is used. Due to the oil being very light, it is 
not necessary to preheat the oil in either 


summer or winter. 

Burner Operation.—As soon as the furnace 
has been charged, the oil and air which was 
partly turned off during charging is turned on 
full, and the flame reversed every 15 to 20 min. 
The oil has a pressure of 120 Ibs. per sq. in, at 
the pumping station, and the air carries a pres- 
sure of 80 Ibs. per sq. in. The flame during 
the melting period is an oxidising flame, what 
is commonly called a sharp flame. However, 
the flame should not be too sharp, as this type 
of flame would favour excessive carbon losses. 


TaBLe IV.—Log of Heat No. 6498. 


Size of heat—24 tons 10 ewts. 
5.00 a.m.—Started charging. 
7.00 a.m.—Second charge added. 
9.00 a.m.—Melted. 
9.10 a.m.—First test. 
9.45 a.m.—Second test. 
10.15 a.m.—Third test. This test was used as a pre- 


10.17 a.m.—Sand added to increase the slag. 

10.30 a.m.—Report from laboratory, Carbon O.K. 

10.40 a.m.—Ferro-silicon added. (575 lbs. of 50 per 
cent. FeSi.) 

10.45 a.m.—Fourth test. 

10.46 a.m.—Ferro-manganese added. 
80 per cent. FeMn.) 


(825 Ibs. of 








liminary. | 10.50 a.m.—Tap-hole opened. 
| 10.52 a.m.—Finished tapping. 
Metal Tests. a ee 
Cc | Si | Mn | 8S P | 
| 
Test No. 1 .. 0-360 0-072 0-09 0-033 0-036 
Test No. 2 | 0302 0-060 0-09 0-035 0-036 
Test No. 3 pie 0-220 0-048 0-09 0-036 0-036 (prel.) 
Test No. 4 .| 0-205 0-370 0-08 | 0-039 0-037 
Final. . 0-294 | 0-370 0-75 0-039 0-039 








Material Analysis. 


{ ~ Proportionate Analysis. 


















































Material. | Weight. | a1 @ si | Mn | s | P | c si | Mn | 8 P 
Pig-iron .. 5,500 | 10-0 3-85 2-40 1-50 | 0-030 | 0-034 0-39 0-24 0-15 | 0-003 | 0-003 
Sills as 6,400 11-6 0-30 0-35 0-60 | 0-035 | 0-036 0-04 0-04 0-06 | 0-004 | 0-004 
Wheels . 9,500 17-3 0-85 0-36 0-65 | 0-035 | 0-036 0-15 0-06 0-11 | 0-006 | 0-006 
Couplers. .| 10,600 19-3 0-26 0-36 0-75 | 0-035 | 0-035 0-05 0-07 0-14 | 0-007 | 0-007 
Drop 11,000 20-0 0-26 0-36 0-75 | 0-036 | 0-035 0-05 0-07 0-15 | 0-007 | 0-007 
Scrap 12,000 21-8 0-26 0-36 0-75 | 0-036 | 0-035 0-06 0-08 0-17 | 0.008 | 0-008 
Prelim- 

inary Analysis 
Analysis Charge 0-74 O-78 0-56 0-035 0-035 
0-24 to 0-70 to 0-35 to Max. Max. 
Specifications 0-29 0-80 0-40 0-040 0-040 
Ladle Analysis 0-29 0-75 0-370 0-039 0-036 
Additions— 


375 Ibs. 50 per cent. FeSi = 187 lbs. Si. 
187 lbs. Si = 0-340 per cent. Si in heat. 
0-332 per cent. Si recovered. 
825 lbs. 80 per cent. FeMn = 660 lbs. Mn. 
660 lbs. Mn = 1-20 per cent. in heat. 
0-67 per cent. recovered. 
Mn lost = 42 per cent. 
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Usually the time required to melt a 22- to 26- 
ton heat is between 4 and 5 hrs. 

Finishing.—After the charge has completely 
melted, the metal should contain a higher car- 
bon content than the desired. Some melters 
desire as high as 0.60 to 1.00 per cent. carbon 
above the required on the melt down. This, 
however, on a soft steel does not improve the 
steel and requires a longer period of time and 
additional labour. At the end of the melting 
period practically all of the silicon and man- 
ganese has been oxidised and neutralised, 
forming the slag. The slag at this stage is 
generally a practically neutral slag, containing 
50 per cent. acid and 50 per cent. bases. 

The bases are principally iron and manganese 
oxides, while the acid is silica. The slag in 
this condition has little power to act either as 
an oxidising or a reducing agent, and is there- 
fore quite stable. Moreover, the slag is self- 
adjusting—that is, if the acid is increased, the 
slag will tend to decrease the elimination of 
silicon and carbon from the metal, and if the 
bases are increased, it will increase the elimi- 
nation of these elements. But, if the bases are 
increased too much, the slag will absorb silica 
from the banks. 

The problem is to reduce the carbon to the 
desired point for tapping as rapidly as possible 
and still reach the temperature required for 
tapping. The practice at Birdshoro is to catch 
the carbon on the way down. However, in a 
few plants it is the practice to work the heat 
down until a carbon content of 0.10 to 0.12 per 
cent. is reached, then tap, and the carbon con- 
tent brought back to the desired point through 
the addition of recarburisers. This point is 
selected for tapping because it is easier to read 
the fracture test and also the steel oxidises very 
slowly under 0.10 per cent. carbon. The com- 
position of the metal is not likely to change 
much, not more than a point or so, if the heat 
was delayed getting tapped. 

Fracture tests are taken until the melter 
believes he is close to the desired carbon and 
then a test is taken for the chemical labora- 
tory. If the carbon be high on the melt-down, 
ore is added to speed up the elimination of this 
element. Upon obtaining the results from the 
laboratory, if the preliminary test be not satis- 
factory, the carbon being either high or low, 
ore or pig-iron is added. In this practice the 
carbon pick-up from the addition of ferro- 
silicon and ferro-manganese is approximately 7 
or 8 points. If the temperature is correct and 
the desired carbon obtained, the ferro-silicon is 
added in the furnace about 10 to 12 min. before 
tapping, and the ferro-manganese 2 to 4 min. 
before the tap-hole is opened. The percentage 
of the manganese recovered is controlled by the 
speed of the tap. The faster the tap the less 
the losses in the manganese content. The losses 
obtained under normal conditions range between 
35 and 40 per cent. of the amount added. 

The tapping temperature of the metal ranges 
from 1,580 to 1,620 deg. C., depending on the 
size and type of castings to be poured. The 
metal drops from 45 to 60 deg. C. in tempera- 
ture between tapping and pouring, so that the 
start of the pouring temperature ranges from 
1,526 to 1,560 deg. C. All heats are checked 
with an optical pyrometer. 

A log of a heat where it was not necessary to 
use ore in order to obtain the desired carbon is 
given as Table IV. 


Fuel Consumption 

In conclusion, it might be interesting to give 
figures as to fuel consumption and furnace re- 
pairs. The fuel consumption ranges between 27 
and 30 galls. per ton of metal. The life of the 
furnace depends somewhat on the size and type 
of the heats. The roof usually runs for 800 to 
1,000 heats before requiring attention. The 
side walls need repairs after 300 to 350 heats 
are made, and the chequers and the slag pockets 
are good for 550 to 600 heats. 
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Welding a Special Alloy Casting 


REPAIR BY OXY-ACETYLENE PROCESS 


The repair of broken castings by welding ha- 
for some time been a well-established process, 
special techniques having been developed for the 
various metals of which the castings are con- 
structed. An interesting and novel repair was 
carried out recently on a Nichrome casting, which 
is an alloy of chromium, nickel and iron. Where 
castings are subjected during use to high tem- 
peratures and corrosive atmospheres, these alloys 
have proved of considerable value. Each of these 
ulloys presents an individual welding problem due 
to different metallurgical characteristics intro- 
duced by the alloying elements. However, the 
flexibility of the gas welding process is such that, 
by slightly changing the welding technique, 
nearly all of the present-day metals of this type 
can be successfully joined. Careful consideration 
of proper welding procedure should enable almost 
any competent welder to handle work of this 
nature. 


Forty-Five Cracks Welded 

The example referred to of such careful pro- 
cedure in welding was the repair of a lower 
sand seal for an annealing furnace. After three 
years’ constant use, this 300-lb. casting had 
developed 45 cracks. It was repaired by welding 
at a fraction of the cost of replacement and its 
return to service was a matter of hours rather 
than of days or weeks. When it was removed 
from the annealing furnace, the casting was 
found to be burned and extremely dirty. In order 
to locate all cracks and thoroughly prepare it 
for welding, it was first necessary to clean the 
casting of all scale and dirt. Next each of the 
fractures was carefully veed to provide a clean 
surface for welding and to assure thorough pene- 
tration through each section. 


Preheating Arrangements 

As protection against the formation of scale 
and oxides during preheating and subsequent 
welding, a water-mixed paste of special flux was 
applied to all cleaned and bevelled surfaces. 
The prepared casting, well supported against 
possible heating stresses, was then placed in a 
preheating furnace constructed of firebrick. 
Charcoal was packed around the casting and 
additional firebricks were used to support an 
asbestos paper cover for the furnace. This 
covering served to retain heat in the furnace 
and to prevent uneven temperatures in the cast- 
ing. 

After a number of small holes had been 
punched in the asbestos covering in order to 
ensure admission of the correct amount of air 
into the furnace, the blowpipe flame was used 
to light the charcoal. An even lighting of the 
preheating fire was a simple matter, since draft 
holes had been left on all sides between the 
bricks which made up the preheating furnace. 
Once the casting was brought to almost a red 
heat, additional charcoal was added to the fire 
when necessary and the entire casting was kept 
at this temperature until welding was completed. 


Welding Technique 

Actual welding was carried on through an 
opening in the asbestos cover, the size of the 
opening being kept as small as possible with- 
out materially hindering manipulation of the 
blowpipe. Although the carbon content of this 
particular casting was sufficiently high to have 
allowed a very slight excess of acetylene in the 
welding flame, the operator was careful to 
maintain a neutral flame throughout the weld- 
ing operations, 

His judgment in this respect is readily 
apparent when the importance of the correct 
flame for welding metals of the chrome-nickel- 


iron type is considered, An oxidising flame will 
cause the formation of an excessive quantity 
of infusible oxides and will lead to porosity i 
the weld metal. On the other hand, an excess 
of acetylene will increase the carbon content oi 
the weld and adjacent metal and reduce th 
resistance of the alloy to corrosion. The correct 
neutral flame should be obtained by first supply 
ing an excess of acetylene and then cutting back 
the flow until the acetylene feather just dis 
appears. Any very slight excess of acetylen: 
present in the flame adjusted according to this 
procedure will not materially affect the welds 
obtained with it. In addition, the flame should 
be no larger than is necessary to obtain proper 
fusion, so as to avoid the possibility of over- 
heating. 

To obtain complete penetration as the welding 
progressed, additional flux was used with the 
special welding rod. The location of the open- 
ing in the asbestos covering was changed from 
time to time as the operator proceeded from one 
weld to another, care being taken at all times 
to keep the opening as smal) as possible. Each 
weld was completed in the shortest time con- 
sistent with good workmanship. Puddling was 
avoided since such action has a tendency to cause 
porous, weak welds in castings of this type. 
Instead, the rod was allowed to flow on to the 
thoroughly melted base metal and fuse with it. 


Subsequent H-at-Treatment 

When welding was completed, any possible 
hardness and brittleness in the welds and ad- 
jacent meta] were removed by heat-treating. The 
casting was reheated to a dull red and com- 
pletely covered so that it would cool slowly. 
When it had cooled, the welds and the metal 
affected by the welding heat were found to be 
as strong and ductile as the original base metal 
and the casting was ready to be returned for 
service in the annealing furnace. Preparations 
for welding took 10 hours while actual welding 
time was only seven hours. Delivery of a new 
casting would have taken from two to three 
weeks at a cost much greater than that of re- 
pair by welding. 











Book Review 


Transactions of the Manchester Association of 
Engineers, 1938-39. Edited by T. Makemson 
and published by the Association, St. Juan 
Street Chambers, Deansgate, Manchester 3. 
Price on application. 


There is invariably something for foundry- 
men included in the Proceedings of this Asso- 
ciation, and the current volume is an average 
vintage. A good deal of foundry interest is 
embodied in Mr. Newton’s Paper on the control 
and handling of materials in a general engi- 
neering works, especially in the Report of the 
discussion. Mr. A. P. Young’s Paper on ‘ The 
Human Factor in Industry ’’ applies to foundry 
practice with the same force as any other works 
organisation, and merits close study. ‘ Trends 
in the Design of Heavy Machine Tools,” by 
Mr. J. H. Rivers, and ‘‘ Air Compressors,”’ by 
Mr. S. N. Howe, carry a special appeal to large 
numbers of foundrvmen. The book is both well 
edited and indexed. 








Institute of Welding 

The headquarters of the Institute of Welding have 
been transferred to 2, Buckingham Palace Gardens, 
Buckingham Palace Road, London, 8.W.1. 
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An Extra Source of Profit 
By N. HARRISON (E.L.M.A. Lighting Service Bureau) 


Most modern factories are provided with large 
window or roof light areas to allow as much 
daylight as possible to enter, yet when artificial 
light becomes necessary, only a small proportion 
of the daylight illumination is provided. Condi- 
tions have improved, and many factory execu- 
tives have realised the importance of good light- 
ing, but there are still some who consider an 
improved lighting system as an expense for which 
no return will be obtained, instead of a profit- 
able investment which will pay for itself many 
times over. 


Good Lighting and Production 
Many complaints are made that output slows 
up during the hours that artificial light becomes 
necessary, and although many reasons are sug- 
gested, a brief glance at Table I shows the re- 
sults that have been obtained by better lighting. 
The Government investigation made into type- 


Sey (hi 
by 


silt dt Bl 


A Goop ExaMPLe oF GENERAL OVERHEAD LigHTINc—A Mup.LaNp BOolILer 
Works Founnry, 320 rt. sy 60 rT., WITH TWENTY-sIx 400-waTt MERCURY 
Lamps Movuntep 17 rr. Hicu anp Spacep 25 rr. Apart. 


vetting by hand proved that as the illumination 
was increased, so the output increased, and the 
percentage of errors decreased; further, this 
report shows that there is no reason why the 


TabLe I.—Productive Value of Better Lighting. 














Foot-candles. | Increase 
cap ee of 
Process. Old New production. 
system. | system. | Per cent. 
Typesetting by hand| 1.3 20 24 
Foundry .. , .| 2.5 | 7.5 
Tile pressing pal 1 3 6 
Silk weaving | 50 100 21 
Lathe work a 12 | 20 12 
Post Office (sorting) 3 6 20 
Viredrawing | 3 | 9 17 
Roller-bearing 
manufacture gia 5 | 20 2.5 


output during artificial lighting period should 
hot equal or even exceed the daytime level. 
turally good lighting has more effect on 
” industries than on those where heavier 
is carried out, but even in comparatively 
in’ple operations such as tile pressing, good 
lig ting has its effect, and it is not surprising 
to find that in one foundry an increase in illu- 


wor} 
sim ple 


mipation of 4.5 foot-candles resulted in an 
increase in production of 74 per cent. 

It is to-day generally accepted that the worker 
is influenced to a certain extent by his surround- 
ings and here again a good lighting system, 
especially in a foundry, has its effect by pro- 
viding good seeing conditions without gloom and 
discomfort from light sources placed in the line 
of vision. The effect of an accident on one 
worker has a bad effect on all the others, and 
it is noticeable that the accident rate is highest 
during the winter months; many of the acci- 
dents occur through groping or fumbling in a 
poor light, or tripping over things imperfectly 
seen. 


Legal Requirements 


Since it has been proved by investigations into 
the lighting of factories and from reports re- 
ceived that good seeing conditions are essential 
for the welfare of the 
worker, it is only 
natural to expect 
some legislation in 
respect to artificial 
illumination. Legal 
provision for indus- 
trial lighting was in- 
troduced in the Fac- 
tories Act, 1937, and 
it is now compulsory 
to provide and main- 
tain sufficient and 
suitable lighting. It 
is well worth while to 
make a brief study 
of the recommenda- 
tions made in the 4th 
Report of the De- 
partmental Commit- 
tee on Factory 
Lighting which will 
some day become 
law, and in which it 
is recommended that 
minimum legal stan- 
dards of lighting 
should be adopted, 
and definite regula- 
tions made for the 
suppression of glare. 

When checking an 
existing lighting system, or when designing 
a new installation, it is as well to ensure 
+hat it will satisfy not only existing legis- 
lation, but any recommendations that have been 
made and which may become law. Tables of 
illumination values for the various processes in 
industry are issued by the Illuminating Engi- 
neering Society, and the E.L.M.A. Lighting 
Service Bureau; a short extract is given in 
Table II. 


Taste II.—Suggested Foot-candles to be used in 
Foundry Operations. 


FounDRY 
Charging floor, tumbling, cleaning, pouring, 
and shaking-out - sy ae ae 
Rough moulding and core making 
Fine moulding and core making wis deel 
Woop WorkING 
Rough sawing and bench work ... om i. ae 
Sizing, planing, rough sanding, medium 
machine and bench work, glueing, veneer- 
ing, cooperage ... as as dis ic: 
Fine bench and machine working, fine sanding 
and finishing ... one aa roe a 


So © oo 


Light Measurement 


The foot-candle is the measure of illuminatfon 
falling on a surface, and this unit of illumina- 
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tion can be measured with a light-meter ; with its 
aid guesswork can be eliminated, and the level of 
illumination quickly and accurately measured. 
Modern light-meters are entirely self-contained 
and consist essentially of two parts; a light- 
sensitive cell which generates current when light 
falls upon it, and a micro-ammeter worked by 
this current which moves a pointer over a scale 
calibrated in foot-candles. It should be remem- 
bered that these instruments give a direct read- 
ing of illumination at the point where the cell is 
placed, and in the plane in which the cell lies. 

When checking the installation, readings should 
be taken at the working point and under normal 
working conditions; it may be found that the 
operator casts a shadow when standing in his 
normal position and the illumination should be 
measured under these conditions. 

Light-meters are usually calibrated for 
ordinary gas-filled lamplight and are reasonably 
accurate for daylight, daylight-blue lamp light, 
or gas light. In measuring the light from sodium 
or mercury discharge lamps, a correction factor 
should be used, which will be supplied on request 
by the makers of the instrument in question. 

A light-meter is generally used to check up on 
a new or reconditioned installation but its use- 
fulness should not end here. When a _ new 
machine is installed, measure the illumination 
at the working point; complaints of ‘‘ not enough 
light ’’ can be checked quickly by the evidence 
of a light-meter, and one of the most common 
reasons for slow or faulty workmanship can thus 
be remedied. It will also indicate to what extent 
the installation has lost efficiency due to dust 
and dirt. 


Suitability 


The advantages of a high value of illumination 
can be completely lost if suitable quality of light- 
ing is not provided, and the light-meter is of no 
help for that purpose. A bright unshaded light 
source placed near the line of vision will cause 
considerable strain on the worker, and in addi- 
tion a large percentage of the usefulness of the 
light will be lost; a simple test of this is to place 
a book behind a bare lamp so that the lamp is 
almost in the line of vision. It will not only be 
found to be very uncomfortable but difficult to 
read the print. 


Modern Light Sources and Equipment 


The development of the tungsten lamp to its 
present high efficiency has ied research workers to 
turn to other fields to obtain a light source of 
much greater efficiency, and this so far has been 
successfully achieved by the introduction of the 
discharge lamp which has an efficiency of 24 to 
5 times that of the gas-filled tungsten lamp. 
Unlike the tungsten lamp which emits light of 
all colours in the visible spectrum, the discharge 
lamp emits light of certain colours only and may 
not be suitable for certain colour discriminations. 
They have been found of practical value in the 
majority of industrial processes. For foundry 
lighting, the discharge lamp has proved itself 
not only to be ideally suited, but an economical 
means of providing adequate illumination, and 
gives clearness in vision especially in core and 
mould making and setting out operations which 
are essential if high standards of output are to be 
obtained. 

If the efficiency is to be utilised to its full 
extent modern reflectors must be used and a 
wide choice is available to meet the majority of 
needs. In the interests of economy, the import- 
ance of using reflectors of reputable make cannot 
be too highly emphasised. The vitreous 
enamelled steel reflector combines robustness and 
high efficiency, it has a permanent reflecting 
surface, simplicity of contour and provision in 
design for easy cleaning. It should be remem- 
bered that reflectors are designed to suit a cer- 
tain type and size of light-source, and to serve 
a particular purpose. 


(Concluded on page 259.) 
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Pressure Die-Casting™ 
By A. G. THOMSON 


In designing die-casting dies, it must never 
be forgotten that the main object of such dies is 
to produce sound castings as cheaply and rapidly 
as possible, and at the same time to ensure a 
reasonable life for the dies. There are also 
various machining problems which require 
careful study. The formation of blowholes is 
one of the most common faults. Providing, 
however, that due care is taken in selecting the 
most suitable location for the gate through 
which the metal is fed to the casting, and that 
sufficient attention is paid to venting, satis- 
factory castings can be produced even when the 
form is intricate. 

Under the influence of the high casting 
pressures employed, the flow of metal through 
the gate is very rapid. Consequently, the posi- 


tion of the gate must be such that 
an even flow of metal to all portions 
of the die is obtained without unnecessary 


change of direction, since such a change would 
be liable to entrap air. The position of the 
gate should also be considered in connection with 
the appearance and utility of the finished cast- 
ing. The metal connecting the casting to the 
gate must subsequently be removed. On many 
components it is important that the mark left 
by its removal should not be noticeable, and 
this can frequently be arranged by placing the 
gate in a suitable position in the casting. 


Venting the Dies 

The venting of dies is a vital factor in the 
production of sound castings. Both the air in 
the impression and that in the gate must be 
able to escape during the very short period of 
time occupied in filling the die. The main pro- 
vision for venting is usually made on the part- 
ing line of the die, and may conveniently take 
the form of shallow grooves, their size depending 
on the weight of the casting requiring venting. 
On dies for lead-, tin- and zinc-base alloys, they 
are about 0.005 in. deep and for aluminium alloys 
from 0.007 to 0.008 in. deep. The grooves are 
usually formed on the face of the diemember that 
contains the cavity. Sometimes it is practicable 
to employ shims approximately 0.005 in. thick. 
These are placed about the dowel pins and hold 
the die members slightly apart, thus permitting 
of the escape of air over the entire surface. 
The metal as it attempts to enter the narrow 
passages freezes, thus effectively stopping the 
flow. 

On many castings, venting at the parting line 
of the die alone is not sufficient, and other ex- 
pedients have to be adopted. Here a built-up 
die construction sometimes offers advantages, 
besides being easier to machine. Plates or 
blocks, each contributing part of the impression 
surface, are screwed and dowelled together, the 
joints between them affording facilities for the 
escape of air. Dies of this type are quite satis- 
factory in the case of lead-, tin- and zinc-base 
alloys; but when copper is to be cast, owing to 
the higher temperatures involved, the die halves 
must generally be of one-piece construction. 


Recesses in Dies 

Where die impressions have deep recesses air is 
very liable to be trapped, so that arrangements 
for local venting may be desirable. Frequently 
it Is necessary to arrange ejector pins to act at 
the bottom of such recesses. Provision for vent- 
ing can be made by forming flats or grooves on 
the sides, thus permitting the air to escape he- 
tween the pin and the guide hole in the die. 
The motion of the pin while ejecting the cast- 
ing suffices to keep the hole free from fins. 

The position of the parting line of the die in 





* Extract from ‘Engineer and Foundryman” (South Africa), 


relation to the impression is an important point. 
Frequently the gate is arranged on this line. 
The problem of ejecting the casting from the 
die has also to be considered, and the parting 
line must be arranged where possible to permit 
of easy removal. Sometimes much ingenuity is 
necessary to enable the casting to be removed 
at all. In such cases, no matter where the part- 
ing line is situated, it may be necessary to em- 
ploy section core pieces which can be removed 
from the casting after it reaches the die. 
There is likely to be a greater variation in 
the dimensions of the casting at right angles to 
the parting line than parallel thereto, the reason 
being that it is not always possible to ensure 
that the dies are completely closed. A small 
particle of dirt may result in the faces being 
separated by a few thousandths of an_ inch, 
which variation must inevitably be reflected in 
the castings produced. Consequently, those 
dimensions of the casting on which close limits 
of accuracy are demanded must be studied in 
relation to the position of the parting line. 


Ejection from the Die 

Easy ejection of the casting from the die is 
essential; otherwise the casting operation is 
slowed up and there is a risk of damaging the 
parts. Generally speaking, it is desirable that 
when the die is opened the casting should adhere 
to the movable part. As a rule this is not diffi- 
cult to arrange. Frequently, the impression 
can be so distributed between the mould halves 
that the casting tends to remain in the moving 
part; in other cases a slight variation in draft 
will be sufficient to effect the desired result. 

The ejector pins are generally carried by a 
plate which retires with the movable die member 
for a suitable distance and is then arrested. 
Continued movement of the die member thus re- 
sults in the ejector pins projecting into the 
impression and forcing the casting out. In 
selecting the positions which the ejector pins 
are to occupy, the casting must be carefully 
studied and special provision made for those 
parts which are likely to adhere to the die. 
For example, if the casting has a deep wall and 
a correspondingly deep pocket is necessary in the 
impression, ejector pins should be placed at the 
bottom of the pocket, thus reducing the risk of 
straining or breaking the casting on ejection. 
Tt is usually desirable to provide too many 
ejector pins rather than too few, and to arrange 
them so that a balanced thrust is exerted with- 
out any tendency to tilt at the casting. If 
there are not enough ejector pins, there is 
always a risk that one or more may enter the 
semi-frozen metal owing to the relatively high 
pressure which each must exert. 


Cores 

The majority of castings require the use of 
one or more cores in order to form the cavities 
and other irregularities. In the case of a com- 
plicated casting the cores may number twenty- 
five or thirty. Cores may be of either the fixed 
or movable type. renerally speaking, fixed 
cores are used when the axes are at right angles 
to the parting line of the die, and movable cores 
when the axes are parallel to, or at an angle with, 
this line. The simplest form of core is that re- 
quired to produce a round hole. Tf the hole is 
at right angles to the parting line, the core 
may take the form of a projecting plug secured 
either in the fixed or movable die member. 

If the hole is not parallel to the parting line, 
provision must obviously be made for withdraw- 
ing the core. This may be done by hand or 
automatically, according to the type of die-cast- 
ing machine employed. In the case of com- 
plicated automatic dies, considerable ingenuity 
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is sometimes called for in connection with th 
design of the core-operating mechanism. 


Core Slides 

Some castings require the use of what are 
known as core slides. The ends of these slides 
form part of the impression, and are withdrawn 
to permit of the casting being ejected. These 
slides may conveniently be locked in position by 
dowel pins during the casting operation, and 
the same practice may be adopted with other 
large cores that do not require to be drawn 
before the die is opened. Care is necessary 
when core slides are used, to support the cast- 
ing against the pull; otherwise, considerable dis- 
tortion may result or part of the casting he 
broken off. If possible, sliding cores should he 
located in the movable part of the die, although 
sometimes the form of the casting is such as to 
necessitate their use in both stationary and 
movable members. All sliding cores must be 
securely locked to resist the casting pressure. 

When undercut portions must be produced in 
the interior of the casting, it is usually necessary 
to employ composite or collapsible cores, made as 
a rule in three or more separate sections and 
so arranged that the final portion to be inserted 
locates and locks the remainder in place. In 
removing such cores the master section is first 
withdrawn, thus allowing the remaining portions 
to collapse until they are clear of the undercut, 
when they, too, can be removed through the 
opening in the casting. 

On some types of die-casting machines pro- 
vision is made for breaking the sprue by moving 
the entire die bodily away from the injecting- 
nozzle. In other cases, it is necessary to provide 
a sprue cutter which, in its simplest form is a 
round bar which works in the sprue hole. During 
the casting operation the sprue cutter is with- 
drawn sufficiently to allow the metal free access 
to the impression by way of the gate. When 
the metal has solidified the sprue cutter is ad- 
vanced and shears the metal at the junction 
between the sprue and the gate, pushing the 
sprue clear of the die so that it falls back 
into the container. 


Temperature Control 


In the interests of die life and casting accuracy 
it is necessary to control as far as possible the 
temperature of the die. In operation, the dies 
must take up not only the latent heat of solidi- 
fication of the metal, but also the heat lost by 
the casting in cooling to the ejection tempera- 
ture. Frequently water-cooling of the dies is 
desirable both to prevent overheating of the die 
as a whole, as well as local variations. For 
this purpose holes are drilled in the die blocks 
and connected to inlet and outlet pipes 
attention being directed to the cooling , 
die in the vicinity of those parts of the im<pres- 
sion where the casting is of a relatively thick 
section. Care must be taken to ensure that a 
sufficient thickness of metal is left between the 
impression and the water channel, as otherwise 
the pressure might cause the wall to collapse. 

The extent to which water-cooling is carried 
out depends on the speed with which the die 1s 
operated, the size and form of the casting, and 
the alloy employed. Naturally, it becomes more 
important in the case of the high melting-point 
aluminium- and copper-base alloys. Frequently 
the most suitable working temperature for any 
particular die can only be determined by prac- 
tical tests. All dies should be heated prior to 
commencing operations, as otherwise flow lines 
will appear on the surface of the first castings 
produced. 


Cooling Contraction 
In the design of dies provision must be made 
for the contraction in cooling after the casting 
has been ejected from the die. The shrinkage 
allowance varies according to the alloy which 1s 
cast, being least in the case of the low meliing- 
point alloys. With lead- and tin-base allovs the 


allowance may vary from 0.001 to 0.002 in. per 
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lineal inch, while in the case of aluminium alloys 
itemay be as high as 0.008 in. per inch, Natur- 
ally, the temperature at which the casting is 
ejected has an important influence on the 
shrinkage. 

On a die-casting of ideal form it would be 
possible to work to exceedingly close limits by 
calculating the shrinkage allowance to a nicety, 
and accurately controlling the temperature of 
the metal and the die. In practice, however, 
the contraction varies throughout the different 
sections of an intricate casting, giving rise to 
minor distortions on cooling which are difficult 
either to foresee or to counteract. It must be 
remembered that while it is comparatively easy 
to increase the outside dimensions of a casting, 
since all that is involved is an enlargement of 
the die cavity, it is, on the other hand, ex- 
tremely  difficult—and often impossible—to 
reduce the outside dimensions of the casting. 


Die Materials 


The material employed for the dies plays a 
vital part in the success of die-casting opera- 
tions. In general, the higher the melting-point 
of the alloy to be cast, the more severe is the 
action on the surface of the die impression. This 
action may either take the form of erosion or 
else thermal fatigue may be set up, the latter 
condition being characterised by the appearance 
of a network of hair-line cracks on the surface 
caused by the alternate heating and cooling 
of the die. The remedy is to employ a steel of 
high elastic limit which is better able to resist 
the strains set up. 

In the case of dies for producing castings in 
lead- or tin-base alloys a good grade of carbon 
machine steel will last almost indefinitely, owing 
to the relatively low casting temperature of 
these alloys. When zinc-base alloys, with their 
higher melting-points, are to be east, such a 
steel is liable to develop surface cracks caused 
through thermal fatigue after some 25,000 cast- 
ings have been made. 

Copper alloys melt at the comparatively high 
temperature of 620 deg. C., and for this reason 
it Is customary to employ high-grade alloy steels 
for the dies. Where parts are required in only 
moderate quantities and the casting pressure is 
not unduly high a chrome-vanadium steel will 
give good results. Where longer die life is re- 
quired or the nature of the part calls for greater 
casting pressures, a_ steel containing tungsten 
and chromium should be employed. In practice 
the proportions of these elements are varied 
a fairly wide limits to meet special condi- 
10ns, 
the case of small cores and other highly 
ed parts of a die the tungsten may with 
«« ntage be increased, while small percentages 
of cobalt are sometimes added. Where alloy 
steels are used for dies they should be heat- 
treated to give a Brinell hardness of 350 to 380. 

Under the severe action of the copper-base 
alloys, even when the best die steels are em- 
ployed the surface of the impression is likely to 
require considerable dressing, if the specification 
calls for very smooth castings and fairly large 
quantities are involved. Here again the most 
“atistactory results are obtained from a tungsten 
steel of the semi-high-speed type. 

in deciding upon the steel to be used for any 
particular die, the designer has to take into 

ount a number of factors other than the melt- 
ng-point of the alloy to be cast. If the 

‘bable number of parts required is relatively 
‘all, economy may be effected by using a steel 

it is cheaper and more easily machined than 

uld otherwise be possible. On the other hand, 
‘or intricate castings, particularly where a high 
gree of accuracy is demanded, no expense 
uld be spared to ensure that the steel is 
equate to meet the demands that will be 
ide upon it. Where the section of the cast- 
g is fairly uniform, the die will have a much 


ate 
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longer life than would be the case if there were 
considerable variation in thickness. 


Dressing the Dies 


Dressing is usually necessary in the case of 
dies for copper-base castings, and it is also 
frequently employed on aluminium casting dies, 
especially where a large production is required 
from an intricate and expensive die. The dress- 
ing takes the form of an insulating solution, 
which is sprayed on the die surfaces by means 
of an air pistol. Apart from protecting the die 
surfaces from erosion the thin film of dressing, 
on account of its porosity and lower thermal 
conductivity, is sometimes of assistance in the 
production of sound castings. Its use, however, 
should be avoided where possible because it de- 
lays and complicates the casting operation. The 
finish of a casting is usually better if dressing 
is not employed, provided that the die impres- 
sion has a good surface. 








Oil-Sand Cores Need 


Venting 
By W. G. 


It is not always policy to rely too much on 
the natural venting properties of oil-sand. The 
design of certain types of castings in which oil- 
sand cores are employed demands more than 
casual instructions when the question of venting 
the cores comes up for discussion. In a casting 
of the design shown in Fig. 1, venting of the 
core must be carefully carried out, otherwise a 
scrap casting is certain to result. 

The dimensions of the casting under considera- 
tion are 5 ft. by 18 in. by 2} in., in which a 
core of the same design was fitted and made 
of oil-sand. The core was entirely enveloped 
by the molten iron, leaving a uniform thickness 
of 4-in. metal. Attached to the large core were 
seven smaller ones of 1}-in. diameter, three 
equally spaced lengthwise of the core and with 
two at each end. These small cores served the 
double purpose of acting as outlets for the escape 
of air and for the removal of the loose irons 
with which the core is reinforced. The holes 





Fie. 1.—Castinc Requrrine O1r-Sanp Cores. 


not required are afterwards screw-plugged in 
the machine shop. 

The core rests on three chaplets and is kept 
central by four more chaplets, two at each side 
of the core and about a foot from each end. The 
small 1}-in. cores must press firmly on the face 
of the mould, leaving no space for the meta] to 
find its way under them as it would then flow 
into the vents which are made by pushing a 
g-in. vent wire through the small cores and 
down below the mould to a prepared cinder-bed. 
A vent is also led from each of the end cores. 

The first one of the order of four castings 
vigorously expelled the molten metal from the 
mould, which was caused by insufficient and care- 
less venting, the reason for this being that too 
much reliance had been placed on the open quali- 
ties of the oil-sand. When the next core was 
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made, a layer of fine ashes was spread in the 
middle of the core and within 1 in. from the 
outside. When the core is dried, the ashes are 
visible through the small round cores, a hole 
having been pierced through them and into the 
large core. No further trouble was experienced ; 
each casting passed the necessary tests under 
water pressure. 

The metal entered the mould at one end by 
means of two spray ingates, two risers at the 
other end providing easy flow-offs to relieve the 
pressure of metal under the core. 

The core was held down in the mould by three 
chaplets fixed in the top part and firmly wedged. 
It is always necessary to employ more weight to 
hold down submerged cores than is required for 
all other types of cores, as the lifting pressure 
of the iron at the time of pouring is much 
greater. 








An Extra Source of Profit 
(Concluded from page 257.) 


Planning the Layout 

It is very important to ensure that the illu- 
mination is reasonably uniform, and whatever 
type of fitting is used careful attention must be 
given to the spacing of the reflectors, otherwise 
patchy lighting results. Two important factors 
in the design of a lighting installation for a 
foundry must be taken into account :— 

(1) Due to dust and dirt the reflectors lose 
efficiency very quickly; the only solution is to 
clean the fittings at frequent intervals and since 
the positions in which the fittings have to be 
placed make this difficult, it is advisable to use 
easily detachable reflectors or cover glasses 
which can quickly be replaced by a set of clean 
ones. Only the best quality fittings should be 
used which will withstand the corrosive fumes, 
and even then it is as well to examine carefully 
any bolts used for fixing reflectors or visors after 
they have been in use for some time. 

(2) In shops having travelling cranes overhead 
fittings will have to be mounted above the crane 
and heavy shadows and reduced illumination at 
the working point will result when the crane 
stops under the fittings. This difficulty can he 
overcome by placing underneath the crane one or 
more fittings, or when two or more rows of over- 
head fittings are contemplated to place these ‘n 
a staggered formation so that only one fitting 
is obseured by the crane. Even with this scheme 
it may be advisable to have one fitting under the 
crane. Providing a mounting height of 16 ft. 
or more is available, angle reflectors placed on 
the side walls and underneath the crane com- 
bined with general overhead lighting represent a 
system that has been adopted in many such 
cases with excellent results. Angle reflectors 
must be used with care under 16 ft. if glare 
is to be prevented. 

Where no travelling cranes are used a good 
general overhead system can be provided by 
means of the standard dispersive reflector, and 
to obtain reasonable uniformity of illumination, 
the spacing to mounting height above the plane 
of work should not exceed 14:1. For the parts 
of a foundry where finer work is carried on it 
may be an advantage to use the industrial 
diffusing reflector and if the spacing to mounting 
height above the plane of work does not exceed 
11:1, good uniformity of illumination will be 
obtained. 

Maintenance 

Few executives realise the extent to which a 
collection of dust and dirt will reduce the light 
output of a fitting. In a dusty atmosphere the 
loss may be as much as 30 per cent. in a few 
days—30 per cent. of the total lighting will be 
thrown away for the sake of a saving of a few 
pence for cleaning. This can quickly be checked 
with a light-meter, and it is a good plan to 
arrange for a maintenance man to go round 
regularly with soap and water. 








Trade Talk 


As rrom OcrToBER 9 the head office of the Westing- 
house Brake & Signal Company, Limited, will be at 
Pew Hill House, Chippenham, Wilts. 


THE NUMBER of steel air raid shelters allocated 
for free distribution, including those which were 
delivered last week, amounts to 1,303,401. 

THe Minister or Suppty has issued an Order re- 
lating to the maintenance of records and the furnish- 
ing of statistics in respect of stocks of mica. 

THE PARTNERSHIP between Messrs. R. H. and 
R. A. Woodward, carrying on business as brass- 
founders at Wellington Works, Legge Lane, Birming- 
ham, under the style of Walker & Woodward, has 
been dissolved. Debts will be received and paid 
by Mr. R. H. Woodward, who is carrying on the 
business. 


Nortn British Locomotive Company, Limirep, 
Springburn, Glasgow, has received an order for 30 
duplicate locomotive boilers for the South African 
Railways, 20 duplicate locomotive boilers for the 
Great Indian Peninsular Railway, and 10 dupli 
cate locomotive boilers for the Southern Railway, 
England. 


THE joint secretaries of the Scottish Manufactured 
Tron Trade Conciliation and Arbitration Board have 
been informed that an examination of the employers’ 
books for July and August, 1939, brings out an 
average net selling price of £12 lls. 5.77d. per ton. 
This means that there will be no change in the 
wages of the workmen. 

IMPERIAL CHEMICAL INDUSTRIES, LIMITED, announce 
the following changes of address of certain of their 
divisional sales offices: Western Division, Chance 
and Hunt Social Club, Dog Kennel Lane, Birming- 
ham; South-Eastern Division, Belmont, The Ridge- 
way, Mill Hill, London, N.W.7; North-Western 
Division, The Ridge, Alderley Edge, Manchester. 


Davip Brown & Sons (Huppersrietp), Lirep, 
ask us to state that, apart from their London and 
Birmingham offices, where a skeleton staff is retained, 
most of their district. engineer sales representatives 
have been re-called, as it is felt that, under the 
present circumstances, their services can best be 
utilised on production work. Arrangements have, 
however, been made for technical representatives to 
be available on request, from the head office and 
main works at Huddersfield, if it will in any way 
assist customers. 

AN EXAMINATION for admission to associate mem- 
bership of the Institute of Marine Engineers is to 
be held on May 20 to 27, 1940. The annual exami- 
nation for admission of Probationer Students and 
Students will be held on May 20 to 28. The Insti- 
tute’s examinations are held in London and other 
centres according to candidates’ places of residence. 
Full particulars of the syllabus and exemptions allow- 
able may be obtained on application to the Secretary, 
The Institute of Marine Engineers, 73, Amersham 
Road, High Wycombe, Bucks. 


Tue INstituTION oF CHEMICAL ENGINEERS intimate 
that it will become necessary to restrict the activities 
of the Institution in some directions, though it is 
the intention to carry on the normal work so far as 
this may be possible. The greatest restriction is 
the abandonment of ordinary evening meetings for 
the time being. It is hoped, however, that it may 
be possible to resume meetings at a later date. In 
the circumstances, no programme of Papers has 
been issued. It early became evident that certain 
Papers would not be forthcoming, but it is antici- 
pated that others will become available. Preprints 
of these Papers will be circulated for discussion in 
writing before publication in the Transactions. 

A CONFERENCE of industrial leaders, drawn from 
employers and employed, met on October 4 to dis 
cuss the establishing of a Council of Industry to 
act as advisers te the Government on war-time labour 
questions. Almost every aspect of industry was 
represented, including mines, railways, engineering, 
iron and steel, road transport, building, and docks. 
The Minister of Labour, Mr. Ernest Brown, pre- 
sided. When Mr. Brown had spoken for the Govern 
ment, the views of the employers were put forwarl 
by Mr. W_ J. Wiggins and Sir John Forbes Watson, 
of the British Employers’ Confederation, and Sir 
Walter Citrine, of the T.U.C. After the conference 
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The Week’s News in Brief 


the T.U.C. General Council met immediately and ap- 
pointed their representatives to meet the employers 
im accordance with the arrangements of the con- 
ierence. They included Sir Walter Citrine, Mr. J. 


Taylor (Amalgamated Engineering Union), Mr. G. 


Thompson (Shipbuilding Draughtsmen), Mr. Mark 
Hodgsen (Boilermakers’ Union), Mr. Ebby Edwards 
(Miners’ Federation), and Mr. J. Brown (Iron and 
Steel Confederation). 








Personal 


Capt. THE Hon. Ricnarp LecH has joined the 
board of the British Oxygen Company, Limited. 

Councittor J, CoupLanp, Mayor-elect of Redcar, 
is a blast-furnaceman at Dorman, Long & Company’s 
Redcar Works. 

COMMANDER Sir CHARLES CRAVEN, managing direc- 
tor of Vickers-Armstrongs, Limited, is to receive 
the freedom of the City of Newcastle-upon-Tyne 
on October 25. 

Mr. J. Govan, late of the Singer Manufacturing 
Company, Limited, has been appointed general works 


manager of the Borough Engineering Works, 
Limited, Luton. 


Dr. S. F. Dorey, Chief Engineer Surveyor of 
Lloyd’s Register of Shipping, has been awarded 
the M. C. James Memorial Medal of the North- 
East Coast Institution of Engineers and Shipbuilders 
for his Paper entitled ‘‘ Strength of Marine Engine 
Shafting.”’ 

Mr. J. Hitt, a prominent member of the Junior 
Section of the Lancashire Branch of the Institute 
of British Foundrymen, who served his apprentice- 
ship with Mather & Platt, has gained the Associate- 
ship of Manchester College of Technology in 
Metallurgy. 

Str JosepH Barcrorr, Sir Harold Hartley, and 
Sir Frank Smith have been appointed members of 
the advisory council to the Committee of the Privy 
Council for Scientific and Industrial Research. Lord 
Cadman and Sir James Jeans have retired from 
the council on completion of their terms of office. 

Mr. Witu1Am J. Ruston has been elected a direc- 
tor of Ruston & Hornsby, Limited, engineers, of 
Lincoln. Mr. Ruston is a nephew of the late 
chairman of the company, Colonel J. S. Ruston, and 
is also a director of J. Stone & Company, Limited, 
engineers, of Deptford. 

Mr. Witt1AM M. Bett, for many years Scottish 
representative of Fairbairn Lawson Combe Barbour, 
Limited, engineers, is about to retire, but will be 
retained by his company in a consultative capacity. 
He is to be succeeded in Scotland by Mr. George 
Sydie, representative in South America for some 
years. 

Mr. S. B. Wutson, secretary of Glenfield & 
Kennedy, Limited, of Kilmarnock, was entertained 
to dinner on October 5 by the directors, manage- 
ment and staff of the firm and presented with a 
number of gifts, to mark the occasion of nis jubilee 
with the company. Lieut-Colonel Hugh Cowan- 
Douglas, director, presided over a company number- 
ing over 100, and the gifts were presented to Mr. 
Wilson by Mr. E. Bruce Ball, managing director. 














Wills 


MacMititan, R. A., of Glasgow, joint 
managing director of Gleniffer Engines, 
Limited a 

Morris, R. T., of Swansea, a director of 
the Millbrook Engineering Company, 
Limited, engineers and _ founders, 
Landore £105,281 


£23,958 





Obituary 


Mr. Jonas WitrrReD Drake, of Drakes, Limited. 
engineers and _ ironfounders, Halifax, died 
recently at the age of 56. Mr. Drake retired 
from the office of chairman and managing director 
of the firm in 1930 in consequence of failing health. 
He was a past-chairman of the Society of British 
Gas Industries. 


—_ 
gas 
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Company Reports 


Thos. W. Ward, Limited 

The company was doing its utmost in many 
directions to help forward the production and dis 
tribution of materials for national work, said Mr. 


Jos—EpH Warp (chairman) at the annual meeting 
of Thos. W. Ward, Limited, held recently in 
Sheffield. Their assistant managing director, Mr 


George Wood, had been appointed Deputy Directo 
of Scrap Supplies under the Ministry of Supply 
An important development had occurred during the 
year in regard to their locomotive and crane de 
partment; they had taken a controlling interest i: 
Thos. Smith & Sons (Rodley), Limited, Leeds, wit! 
whom they had had business connections for ove) 
half a century. Their large operations in scrap iro 
and steel continued. Scrap was one of the most 
vital raw materials in the manufacture of iron and 
steel, and its control was a very necessary part of 
the organisation of the British Iron and Steel Con 
poration. He was still confident that it would be a 
very wise policy for all the steelworks to increase 
largely their storage accommodation for scrap to 
augment supplies whenever the opportunity 
occurred. Their shipbreaking operations had been 
anything but satisfactory, and to-day the majority 
of their ship-dismantling works were idle through 
lack of tonnage for demolition; unfortunately, the 
position was not likely to improve under present 
conditions. The rail department had had an ex- 
ceedingly busy year. The Darlington Railway Plant 
& Foundry Company, Limited, had had a success- 
ful year, and were working in close co-operation 
with the rail department. 

Mr. AsHitEy S. Warp, who also spoke, said that 
the company’s interest in the firm of Marshalls, 
Gainsborough, had been enlarged to the benefit, he 
thought, of both concerns. As anticipated, they 
had been able to be of great use in the develop 
ment of work and had also been able to find 
markets through their own organisations for the 
company’s products. From the few hundred men 
they had when the reorganisation took place, thev 
had developed until they had upwards of 2,000 
men employed. With regard to the Widnes Foundry 
& Engineering Company, Limited, a considerable 
amount had been spent on the development of the 
works, and very encouraging results might be ex- 
pected. 

Staveley Coal & Iron Company, Limited 

The Staveley Coal & Iron Company, Limited, it 
was announced by the chairman, Sr Wr11Am 
Birp. at the annual meeting at Chesterfield, has 
recently lighted its fourth blast furnace. New shops 
erected for the manufacture of special bends and 
joints have been taxed to the utmost, and but for 
the war this plant would have been enlarged. The 
chairman said it was hoped shortly to have another 
patent on the market for joints for their pipes. 
This would be a simple and cheap design. A 
scheme for erecting a new battery of coke ovens 
with their appropriate by-product plants had been 
temporarily held up in consequence of the war. 
When the time was more opportune, it might be 
necessary to issue their uncalled capital in order to 
provide for this and other schemes. 








Contracts O pen 
Salford.—Large 


scrap wanted. 
Road, Salford, 6. 

Singapore, November 6.—Malleable cast-iron 
and/or cast-copper alloy pipe fittings and miscel- 
laneous special fittings during the year from Janu- 
ary 1, 1940, for the Municipal Water Department. 
(D.O.T. reference: T. 27411/39.) 
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Forthcoming Events 


Institute of British Foundrymen 
OCTOBER 14. 


Scottish Branch :—Presidential address, by N. A. W 
Erskine, and “ Light Castings for Enamelling,” Paper 
by J. A. Donaldson, at Royal Technical College. 


Glasgow, at 3.30 p.m. 


West Riding of Yorkshire Branch :—Presidential address, 
by S. Carter. and ‘“ Three Leaded-Bronze Bearing 


Alloys.” Report of I.B.F. Non-ferrous Sub-Committee. 
presented by F. W. Rowe, at Technical College, Brad- 
ford, at 3 p.m. 


OCTOBER 28. 
Falkirk Section :—Presidential address, by J. A. Denald- 
son. and ‘‘A Question Night,” at Temperance Cate. 


Falkirk, at 6 p.m 
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The firebricks supplied by 
General Refractories Ltd. 
can be relied upon to give 
complete satisfaction. 
Brands of firebricks are 
manufactured to meet 
every requirement and the 
utmost care is taken in the 
production of both standard 
sizes and special shapes, 
so that they are always 
of the same high quality. 
Due to the fact that our 
works are situated at points 


throughout the country, i¢ 
is often found that delivery 
can be given from a works 
close to your own vicinity 
and, therefore, railway 
rates are reduced to a 
minimum-—a very. im- 
portant consideration. Our 
Technical Staff is at your 
service for advice on any 
problem regarding the 
selection of the correct 
grade of firebricks to meet 
your exact needs. 


Write NOW for full particulars 


GENEFAX HOUSE, SHEFFIELD, 10. 
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Raw Material Markets 


The demand for all descriptions of pig-iron 
appears to expand weekly, and deliveries are on a 
heavy scale. High-phosphorus iron has been taken 
up in considerably larger quantities since the out- 
break of war, but supplies, on the whole, are satis- 
factory. Low-phosphorus iron, on the other hand, 
was called for insistently before hostilities com- 
menced, and the additional demand since then. has 
not been easy to meet, but the position is expected 
to improve as soon as fresh plant is brought into 
operation. Meanwhile, many users are turning to 
hematite, which has a brisk and increasing demand. 
Statistics are being compiled to ascertain what 
stocks of pig-iron are in hand at the foundries and 
what potential requirements will be for some time 
ahead. 


Pig-lron 


MIDDLESBROUGH—The claims of ordinary in- 
dustrial consumers are being considered with re- 
gard to the supply of material, and iron is moving 
away to these users after more urgent national 
needs have been met. There is a large number of 
concerns taking supplies from this district which 
cannot be included qn the Government’s priority 
list, but which, nevertheless, have a considerable 
amount of work on hand. Consumers of foundry 
iron, in the main, continue to secure their require- 
ments from other areas, as the production of Cleve- 
land foundry pig-iron is still suspended. Produc- 
tion of basic iron and of hematite, however, is on 
a large scale, and a big tonnage is available for 
other users after the needs of the steelworks have 
been met. 

Consumption of hematite at local steelworks is 
very substantial, and deliveries are being made 
very freely. Supplies of low-phosphorus iron being 
generally difficult to procure without delay, hema- 
tite is being used as a substitute. Stocks are still 
available at some works, and there is certainly no 
shortage of hematite, but deliveries have to be made 
with care and _ consideration for the consumers’ 
needs. Forward business is in abeyance, as prices 
are likely to be increased as from November 1. 

LANCASHIRE—There has been a welcome im- 
provement among many foundry-iron users since 
the beginning of the war, and most works are now 
busier than they have been for a considerable time 
past. Consequently, the call for supplies of iron 
has become much heavier, and makers are finding 
no difficulty in disposing of their outputs. Probably 
the most notable change in market conditions has 
been the more active employment at the light- 
castings foundries, some of which are now engaged 
on work of national importance. Hematite, too, is 
being called for in heavier tonnages, and supplies 
are being despatched freely. 

MIDLANDS—Government contracts have already 
made a big difference to many iron-consuming works 
in the Midlands, especially among light-castings 
manufacturers and other concerns which were rather 
quietly placed before the war. The fact that the 
Government is now able to call on these concerns 
to carry out important work will be of immense 
value in the liquidation of orders in urgent need 
of completion. Stocks of high-phosphorus iron, 
especially Derbyshire brands, were substantial be- 
fore hostilities began, and these are being used in 
order to meet the additional demand now being 
made upon this type of iron. Low-phosphorus iron, 
which has been in demand for a long time past, is 
now rather difficult to obtain at short notice, and 
hematite is thus being used more freely. 

SCOTLAND—Steel-making irons continue to be 
most in request in this area and business is heavy. 
With local steelworks working to capacity, the call 
for supplies of basic and hematite irons is substan- 
tial. Additional producing plants have recently 
been put into operation and further additions will 
doubtless be made as the occasion arises. Most of 
the high-phosphorus foundry pig-iron consumed in 
this area is being purchased in the Midlands. 


Coke 


Consumers of foundry coke are making heavy de- 
mands on the ovens for supplies as a precaution 
against future shortage. It is understood that users 
of more than 100 tons of coke per annum will not 
be rationed. but smaller consumers will in future 





receive only 75 per cent. of their normal require- 
ments. Thus, there has recently been a _ strong 
buying movement, so that users may accumulate 
necessary reservesupplies. The price of foundry coke, 
of course, may be regulated by the Control authori- 
ties, but it is hoped that the existing level of 
50s. 6d. per ton, delivered Birmingham and Black 
Country stations, will be maintained until the end 
of the year. 


Steel 


Steel prices are due for reconsideration at the 
end of the current month, and it is expected that 
future quotations will be rather higher than the 
existing levels, owing to various increases in the 
costs of production. Steelmakers have been faced 
with several additional charges as a result of war 
conditions, and these will undoubtedly have to be 
passed on to the consumers. The cost, for example, 
of ore and scrap has increased materially, while 
other factors will influence makers in ensuring that 
consumers are called upon to pay at least a pro- 
portion of these additional costs. Meanwhile, the 
full outputs of most descriptions of steel are 
accounted for, and there is only a comparatively 
small surplus of material available for sale to non- 
priority consumers. Ordinary industrial needs, 
however, are being met where possible. 


Scrap 


Recent imports of scrap from abroad have been 
quite substantial, and have ensured a better supply 
of material for consumers, who are requiring heavy 
supplies. Steelworks, especially, are in the market 
for all they can obtain. Prices of all descriptions 
of scrap are now under the Control, of course. 
Foundries have also swollen needs, and the demand 
for cast-iron scrap has increased to a very large 
extent since the outbreak of hostilities. In some 
quarters the prices which have been fixed for cast 
iron do not meet with universal approval, merchants 
stating that, compared with pig-iron quotations, 
scrap prices do not compare favourably and are 
not on an economic level. In many instances the 
new prices are below those paid before scrap was 
brought within the compass of the Control. 








Metals 


The London Metal Exchange has submitted to the 
Ministry of Supply proposals for the closing of 
open contracts in copper, lead and zinc. When the 
Ministry took control of metal stocks on the out- 
break of war, dealings on the Exchange were sus- 
pended, and in these three metals have not yet 
been resumed. It is suggested that the Govern- 
ment should take over all contracts at the fixed 
maximum prices and assume responsibility for de- 
lays in fulfilment of dealers’ commitments which 
followed the institution of control. Members of the 
Metal Exchange, at a meeting last Friday, agreed 
that a scheme should be placed before the Ministry 
for approval. Pending a decision by the authori- 
ties, dealings in copper, lead and spelter remain 
suspended. 

The Metal Exchange has received two communi- 
cations from the Non-Ferrous Metal Control, deal- 
ing respectively with prices and consumers’ licences. 
On the subject of prices, the Control states :— 

‘*To remove any uncertainty which may have 
arisen as to how the maximum prices laid down 
in the schedule to the Non-Ferrous Metal (No. 2) 
Order, 1939, are to be interpreted, it is desired 
to make clear that these prices are strictly maxi- 
mum prices, and that the charging of any addi- 
tions to these prices other than those permissible 
under the notes to the schedule is in contravention 
of the Order. This means that no addition can be 
made to such prices in respect of war risk insur. 
ance in the United Kingdom or in respect of marine 
war risk. As stated in the circulars issued from 
this office on September 20 and September 28, in 
cases where payment has already been made in re- 
spect of metal sold by the Ministry of Supply or 
its agents, a credit note will be sent to the pur- 
chaser, and where payment has not yet been made 
any additional charges will be omitted from the 
invoice.” 

_With regard to applications for consumers’ 
licences for copper, lead and spelter, it is stated 


OctToBer 12, 1939 


that several applicants for licences to buy copper, 
lead or spelter have apparently misunderstood one 
of the items on the application form on which they 
are asked to give information. This item is the 
‘* Latest date of delivery required.’’ It refers to 
the latest date when the copper, lead or spelter is 
required. It does not mean the date when the 
manufactured product is to be delivered. Manu- 
facturers may not always require urgent delivery of 
copper, lead or spelter, it is pointed out, even 
though the product they manufacture is wanted as 
soon as possible. 


According to reports, the blockade of Germany 
now being carried on by the Navy appears to be 
very successful, especially in connection with the 
supply of non-ferrous and other metals to the enemy. 
On the other hand, the introduction of the convoy 
system has considerably reduced the number of 
U-boat attacks on shipping engaged on the trans- 
port of metals to the United Kingdom. One result 
of the German invasion of Poland appears to have 
been that the Reich may now claim to be the leading 
European producer of zinc, with an output of around 
300,000 tons per annum, 


Copper—Despite the fact that there is no open 
market for copper, it is believed that consumers 
generally are obtaining adequate supplies, although 
not always of the specified kind of metal. The 
general quotation for copper in the United States 
is now 12.50 cents per lb. 

Tin—The monthly statistics of tin compiled by 
Mr. W. H. Gartsen (Henry Rogers, Sons & Com- 
pany) make a somewhat remarkable showing for the 
month of September. The total visible supply of tin 


increased during the month from 25,015 tons to 
29,961 tons, or by no less than 4,946 tons. It had 
been expected that a fairly substantial increase 


would have been shown, but the market was scarcely 
prepared for the final figure. It cannot be said 
that the market reflected the statistics very pro- 
nouncedly, but this was only to be expected in 
view of the current artificial conditions. The 
aforementioned figures include the carry-over in 
the Straits Settlements and at principal European 
smelters (other than the British Tin Smelting Com- 
pany). In the United States, tin consumers have 
recently been in the market for large tonnages, but 
it is thought that, on the whole, users are now fairly 
well covered over scme months ahead. ‘The 
American tinplate trade is now operating around 
record levels and mills have recently returned the 
high-capacity figure of 80 per cent. 

The scarcity of prompt tin has been demonstrated 
on the London Metal Exchange this week. A num- 
ber of buying orders could not be completed and 
both cash and three months closed at the maximum 
price of £230 per ton. 

Interesting comment on the tin situation in the 
United States, where prices have risen to extreme 
levels, is contained in a despatch from C. 8. Trench 
& Company, Inc., of New York. 

‘‘ Tf consumers continue to act in the way they 
have been doing recently, and if the outrageous dis- 
parity between New. York and London continues, 
it would not surprise us if the British Government 
should decline to issue any more export licences,” 
they state. ‘‘ First—because there is no sense trying 
to fill a bottomless well, and second—because it may 
not wish to be a party to profiteering which is 
denied its own nationals at home. We feel sure that 
eventually the unrestricted tide of tin supplies will 
swecp over the demands and wash out the exhorbi 
tant premiums which fortunate owners of spot and 
nearby deliveries have been able to extract from 
frightened and needy consumers, but owing to the 
time-lag between mine and market the situation in 
New York, as it relates to prompt deliveries, is 
likely to remain tense for another couple of months 
unless there is a cessation in the speculative buying 
induced by the outbreak of war. This speculation 
has principally been by the large manufacturers and 
wholesale divisions of industry, where there has 
been a sudden change of policy from liquidation of 
inventories to one of accumulation. The result has 
been that although the increase in the tin production 
quotas to 100 per cent. is likely to make available 
an extra 20,000 tons of tin within only a three-month 
period, demands have greatly exceeded offerings.” 

Meanwhile, the high level of prices in the United 
States is making matters difficult here. as the ten 
dency is for tin produced outside the United King 
dom to drift towards the best markets. 


Soelter and Lead—Adequate supplies of both lead 
and spelter appear to be passing to consumers whe 
have secured licences. Practically all branches >! 
the consuming industries are actively employed. 
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